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GEOLOGY AND ORE DEPOSITS OF THE CACHOEIRA DO CAMPO,
DOM BOSCO, AND OURO BRANCO QUADRANGLES,

MINAS GERAIS, BRAZIL

By ROBERT F. JOHNSON

ABSTRACT

The Cachoeira do Campo, Dom Bosco, and Ouro Branco quad­ 
rangles are on the southern margin of the Quadrilatero Ferrl- 
fero, in central Minas Gerais, one of the great iron-bearing 
areas of the world. Large iron-ore bodies have not been found 
in the mapped area; but manganese deposits have been mined 
in the past, and dolomite is now being quarried.

The mapped area is underlain by Precanibrian metamorphosed 
sedimentary rocks of low to medium metamorphic grade in­ 
truded by granitic and mafic rocks. The most important rocks, 
economically, belong to the Minas series that underlies most 
of the Dom Bosco quadrangle. The oldest part of Minas series 
consists of a basal quartzite of variable thickness overlain by 
a thin discontinuous phyllite. These units constitute the Caraga 
group. Above the phyllite or resting directly on the quartzite 
or older rocks is the Cau§ itabirite, a thin-banded rock composed 
of hematite or magnetite and recrystallized chert. Dolomite 
may be in the chert bands or may take the place of chert in the 
upper parts of the iron-formation. The Cau§ is overlain by the 
Gandarela formation, composed of dolomite lenses and iron- 
formation with interbedded phyllite. These two formations be­ 
long to the Itabira group. The youngest rocks of the Minas 
series, the Piracicaba group, consist of ferruginous quartzite, 
phyllite, quartzite, graphitic schist, and dolomite. The Minas 
series unconformably overlies green schist and phyllite of the 
Rio das Velhas series, which crops out both north and south of 
the Minas series.

A gneiss batholith underlies most of the Gachoeira do 
Campo quadrangle and extends south into the Dom Bosco quad­ 
rangle. Both paragneiss and orthogneiss are represented. At 
least part of the gneiss is post-Minas in age, as granitic rock is 
found intruding the Minas along the southwestern margin of 
the gneiss west of the mapped area, and post-Minas intrusion 
or doming has arched the overlying sediments. A contact meta­ 
morphic aureole has developed around the gneiss. This contact 
metamorphism is confined to rocks of the Rio das Velhas series 
in the mapped area; the Minas series seems to be unaffected.

Structural features in the area trend eastward except in the 
northeast corner of the Cachoeira do Campo quadrangle where 
the schists strike northwest, parallel to the margin of the gneiss. 
The Minas series in the northern half of the Dom Bosco quad­ 
rangle is folded into a complex canoe-shaped syncline. The beds 
on the southern flank of the syncline are probably overturned, 
and the fold is cut off on the south by a thrust fault that has 
thrust rocks of the Rio das Velhas series and the lower part of 
the Minas over phyllites of the Piracicaba group. Thrust faults

with the overriding block on the south or east sides of the fault 
are common. A syncline occurs north of the Serra do Ouro 
Branco, and an anticline occurs east of Morro do Gabriel. The 
tight folds and numerous thrust faults are evidence of strong 
compressive forces probably acting from the south or southeast, 
as shown by the relations along the thrust faults. The rocks of 
the Minas series may have been squeezed between the more mas­ 
sive blocks of the basal quartzite of the Minas (?) Serra do Ouro 
Branco and the gneiss of the batholith.

Landforms in the area to be described are determined by the 
resistance of the different rock types to erosion and by struc­ 
tural features. The larger streams are antecedent but the 
smaller are subsequent. The area has been uplifted, and rem­ 
nants of old erosion surfaces are found in the northern half 
of the mapped area.

The iron-formation in the mapped area is relatively thin, 
only locally reaching 100 meters in thickness. The principal 
belts have been prospected on a small scale, and small shipments 
of ore have been made. The iron-formation consists of hard 
and soft itabirite; hard massive hematite of export quality has 
not been found. Some of the deposits may be exploitable in the 
future because of their proximity to rail transportation.

Manganese production has been economically important in 
the past, but the mines are now inactive. Over 1 million tons 
of ore with a grade of about 50 percent manganese was pro­ 
duced from the Burriier deposit at Sao Juliao. The manganese 
is in a bed 2 to 4 meters thick, in the iron-formation and on the 
contact with dolomite. Large reserves of low-grade material 
are said to be available.

Many other small manganese deposits are found scattered 
throughout the Dom Bosco quadrangle, either associated with 
manganiferous dolomite or occurring in clastic rocks. The 
deposits are formed by surficial concentrations of manganese 
oxides. Ore found in similar deposits in adjacent areas ranges 
in grade from 30 to 50 percent manganese. Production ranges 
from a few hundred kilograms in most of the occurrences to a 
few tons from the larger deposits.

Dolomite quarries have been opened in dolomite lenses both 
in the Gandarela formation of the Itabira group and in the 
Piracicaba group. The largest quarry in operation in 1956 was 
at Cumbe, north of Dom Bosco, where building stone is the 
principal product. Lump dolomite for metallurgical use or for 
mosaics is quarried south of Hargreaves. Analyses of the dolo­ 
mites show carbonate ranging from nearly pure dolomite to 
dolomitic limestone.

Clay, placer gold, imperial topaz, and quartz crystal have
B-l
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been mined on a small scale. Cinnabar has been found near 
Dom Bosco, and sphalerite with various sulfosalts of lead occurs 
near Morro do Bule. Both occurrences are very small.

INTRODUCTION

The Quadrilatero Ferrifero in central Minas Gerais 
has long been known to contain some of the largest de­ 
posits of high-grade iron ore (more than 65 percent 
iron) in the world, as well as vast amounts of lower 
grade material. Geological studies of the ore deposits 
have been carried on intermittently since the pioneer 
work of Derby in the early 1900's. In 1947 the Depart- 
amento Nacional da Produgao Mineral, in cooperation 
with the U.S. Geological Survey, undertook a long- 
range program to determine the size and structural re­ 
lations of the ore bodies and to work out the regional 
stratigraphy and structure. The work plan was to map 
the entire area topographically and geologically with

the maps to be published in ly2 minute quadrangle 
sheets on a scale of 1: 25,000.

The regional stratigraphy had been determined by 
the time work began on the quadrangles to be described 
in this report; so emphasis will be on local lithology 
and structure. The iron-bearing formations are rela­ 
tively thin in the area, and no high-grade ore bodies 
are known; hence, interest in the area is more of a 
geologic than an economic nature. Deposits of man­ 
ganese, dolomite, clay, topaz, and gold have been worked 
on a small to moderate scale.

LOCATION AND ACCESS

The quadrangles are in the south-central part of the 
Quadrilatero as shown in figure 1.

The town of Cachoeira do Campo is 80 kilometers by 
road from Belo Horizonte, the state capital, and 25 kilo­ 
meters from Ouro Preto.

LOCATION OF PROJECT MAPPING BY U S GEOLOGICAL SURVEY 
AND DEPARTAMENTO NACIONAL DA PRODUCAO MINERAL

1 Itabira
2 Santa Luzia
3 Serra da Piedade
4 Antonio dos Santos
5 Cocais
6 Sao Goncalo
7 Monlevade
8 Belo Horizonte
9 Nova Lima

10 Caete
11 Congo Soco
12 Santa Ba'rbara
13 Floralia
14 Rio Piracicaba
15 Itaiina
16 Serra Azul

17 Igarape 
Sousas

18 Fecho do Funil 
Brumadinho

19 Ibirite
20 Macacos
21 Rio Acima

20

22 Gandarela
23 Conceicao do Rio Ai
24 Catas Alias
25 Piedade do Paraopeba
26 Lagoa Grande
27 Itabirito
28 Rio de Pedras
29 Capanema
30 Santa Rita Durao
31 Marinha da Serro
32 Ba?ao
33 Cachoeira do Campo
34 Sao Bartolomeu
35 Antonio Pereira
36 Casa de Pedra
37 Sao Juliao
38 Dom Bosco 

Ouro Branco
39 Ouro Preto

Santa Rita do Our
40 Mariana

RiodasBandeiras
41 Jeceaba
42 Congonhas

20 40 KILOMETERS

20 MILES

FIGURE -Index map of the Quadfrilatero Ferrffero showing the location of all quadrangles to be mapped in the Brazilian iron project. The
shaded area is described in this report.
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The principal roads are the Belo Horizonte-Ouro 
Preto highway that passes through Cachoeira do 
Campo, and the old Belo Horizonte-Rio de Janeiro 
highway that lies a few kilometers west of the quad­ 
rangle. Secondary roads provide access between the two 
highways and outlying villages, and private roads lead 
to dolomite quarries and hydroelectric powerplants. Ex­ 
cept for the Belo Horizonte-Ouro Preto highway, the 
roads are not hard surfaced, but the main roads are 
maintained, and all roads are passable throughout the 
year except for short periods after heavy rains.

A railroad parallels the Belo Horizonte-Bio de Jan­ 
eiro highway, and a branch line from Sao Juliao J to 
Ouro Preto nearly bisects the Dom Bosco quadrangle.

Both railroads are narrow gage (1 meter). The main 
line has a third rail as far north as Itabirito increasing 
the gage to 1.60 meters. The branch line has a third rail 
only from Sao Juliao to Hargreaves.

TOPOGRAPHY AND BELIEF

The topography ranges from gently rolling surfaces 
to steep slopes, depending largely on the underlying 
rock types. In areas underlain by gneiss, as in much 
of the Cachoeira do Campo quadrangle (pi. 1), the hills 
are low and gently rolling except for a few steep ravines. 
Relief in the gneiss area is low, generally 100 to 150 
meters, but it reaches 200 meters in the valley of 
Ribeirao Mango (Mango River). Moderate to steep 
topography is characteristic of the area underlain by 
bedded rocks. Relief increases southward in the Dom 
Bosco quadrangle (pi. 2), and slopes become steeper. 
The quadrangle is crossed by three subparallel ridges 
that rise from an altitude of 1,300 meters on the north­ 
ern ridge to 1,570 meters on the Serra do Ouro Branco.

1 Sao Juli&o Is shown on some maps as Miguel Burnier, and the two 
names are used Interchangeably by the residents. Sao Juliao is the 
official name.

The northern ridge is discontinuous, being cut by three 
streams. The ridge is not named, but the higher parts 
of it are given names such as Alto do Catete and Alto do 
Monumento.

The central ridge is higher and is only interrupted 
by one stream, Ribeirao Mango, which cuts through it 
in a steep ravine over 200 meters deep. The eastern half 
of the ridge is part of the watershed of the Rio Sao 
Francisco, one of the larger rivers in Brazil, and is 
called the Serra Geral in this region. The higher parts 
of the ridge also have local names (pi. 2).

The southern ridge is known as the Serra do Ouro 
Branco. Viewed from the south it is an imposing sight 
(fig. 2) that contrasts markedly with the prevailing 
rolling topography developed on areas underlain by 
gneiss or schist. The scarp is 200 to 400 meters high, 
and there is a total relief of 600 meters between the 
highest peak and the valley at the base of the range. 
High discontinuous ridges cut by steep valleys lie be­ 
tween the Serra do Ouro Branco and the central ridge 
of the Dom Bosco quadrangle.

Low rolling hills are found south of the Serra do 
Ouro Branco. Steeper topography and greater relief 
are found near the east edge of the Ouro Branco quad­ 
rangle (pi. 2).

DRAINAGE

Streams in the area flow into three major river sys­ 
tems; the Rio das Velhas, the Rio Paraopeba, and the 
Rio Doce. The Rio das Velhas and the Rio Paraopeba 
are northward-flowing rivers, tributary to the Rio Sao 
Francisco, and the Rio Doce flows eastward to the At­ 
lantic. The Rio das Velhas cuts the northeast corner 
of the Cachoeira do Campo quadrangle, and its tribu­ 
taries drain the entire area north of the drainage divide 
followed in the central part of the Dom Bosco quad­ 
rangle by the Sao Juliao-Ouro Preto railroad. The 
Ribeirao Mango drains the west side of the area, and

FIGURE 2. The Serra do Ouro Branco as seen from the southwest. The scarp has developed in quartzite.
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the Rifoeirao Maraeuja drains the -central part; the jeast 
side is drained by the RifoeirSo TabnSes and OSrrego 
Casa Branca. South of the divide, th© principal 
streams are the Ribeirao da Golonia and Ribeirio do 
Ouro Branco, which drain Into the Paraopeba system, 
and the Corrego da Cachoeira, which is part of the 
Rio Doce system.

Small hydroelectric plants ar>e locataed -on many of 
the larger streams. The power is aised locally in tbe 
small towns of the area.

CLIMATE AND VEGETATION

A mild climate with markedly seasonal rainfall is 
charateristic of the area; November to May are the 
rainy months. Recent records are not available, but 
von Freyberg (1934, p. 25) gives the average annual 
rainfall for Cachoeira do Campo, for the period 1915- 
21, as 1,550 mm. Ouro Preto in the same period had 
an average annual rainfall of 2,100 mm.

June, July, and August are the coldest months. 
Freezing temperatures are unknown over most of the 
area, but may occur in the higher sheltered valleys.

Timber is found only along the streams and on the 
lower slopes of the hills. The higher ridges support 
a growth of shrubs and grass. Nearly all the forest 
has been cut for charcoal at least once, and cutting is 
repeated as soon as the trees reach a suitable size. Eu­ 
calyptus has been introduced and is also used for char­ 
coal. The eucalyptus trees are first cut about 5 to 7 
years after planting. After the initial cutting, a new 
growth sprouts from the old stump, and these in turn 
can be cut about every 5 years. The production of char­ 
coal is an important local industry as most of the iron 
and steel plants in Minas Gerais use charcoal for fuel.
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An extensive bibliography of the Quadrilatero Ferri- 
fero has accumulated over the past 120 years. Most of 
the earlier papers dealt with features of individual de­ 
posits, but regional studies of the geology were pub­ 
lished by Derby (1906), Harder and Chamberlin 
(1915), and von Freyberg (1932). The report by von 
Freyberg contains a bibliography of 976 titles. A more 
recent paper on the regional geology is by Guimaraes 
(1951). The reports of Dorr (1963) and Guild (1957) 
discuss many regional geological problems connected 
with the iron deposits.

Reports that deal specifically with the mapped area 
are concerned primarily with individual mineral de­ 
posits, except for a paper by O. Barbosa (1949), who 
describes structural features on the west-margin of the 
Dom Bosco quadrangle. Manganese deposits near Sao 
Juliao and along the railroad to Ouro Preto are de­ 
scribed by Scott (1900) and discussed by Guimaraes 
(1935), von Freyberg (1934, p. 141-145), and Guild 
(1957). The base-metal mineral locality at Morro do 
Bule has attracted considerable interest and was the 
subject of a report by Guimaraes and Coelho (1946a), 
who also described the cinnabar occurrences near Dom 
Bosco (1946b). Gorceix (1881), Derby (1901), and 
Boa Nova (1929) have written about the topaz deposits.

PRESENT INVESTIGATION

The fieldwork on which this report is based was done 
in 1955 and early 1956. The primary purpose of the 
mapping was to determine the distribution and struc­ 
tural features of the rocks in the Minas series, the host 
rocks for the iron deposits. Field mapping was done on 
aerial photographs, on a scale of 1:25,000, and the 
data were transferred to a topographic base.

Because the Dom Bosco quadrangle contains nearly 
all the exposures of rocks of the Minas series, it was
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mapped in considerable detail. Most of the trails in the 
Cachoeira do Campo quadrangle were followed, and all 
areas of outcrop of gneiss that were found were plotted 
on the map. A detailed study of each outcrop to deter­ 
mine the internal structure of the gneiss and to delineate 
the .different types of gneiss was not attempted as it was 
felt to be outside the scope of the present study. Little 
work was done south of the Serra do Ouro Branco be­ 
cause the exposures were too poor to give a clear under­ 
standing of the rock distribution.

GEOLOGY 

STRATIGRAPHY

The Cachoeira do Campo, Dom Bosoo, and Ouro 
Branco quadrangles are underlain by regionally meta­ 
morphosed Precambrian sedimentary and intrusive 
rocks of phyllite, low- to medium-grade schist, quart- 
zite, dolomitic carbonate rock, iron-formation or ita- 
birite,2 mafic intrusive rocks, and granodiorite gneiss. 
The Precambrian age is assumed, as unmetamorphosed 
sedimentary rocks of Silurian (?) age rest on the meta­ 
morphosed and deformed older rocks north of the 
Quadrilatero Ferrifero (Oliveira and Leonardos, 1943, 
p. 261).

All sedimentary rocks of the area were included in the 
Minas series as originally defined (Derby, 1906, p. 396). 
As a result of more detailed work by Guimaraes (1931, 
p. 8), Barbosa (1954), Oliveira (1956), and Dorr and 
others (1957), the original Minas series was divided into 
three series with the name Minas series retained for the 
middle series (table 1). The oldest rocks form the Eio 
das Velhas series, named and described by Dorr and 
others (1957), and the youngest were called the Ita- 
columi series by Guimaraes (1931). Barbosa (1954, p. 
21) suggested that the rocks now called the Rio das Vel­ 
has series may correlate with his Barbacena series. Evi­ 
dence for an unconformity at the base of the restricted 
Minas series was presented by Rynearson and others 
(1954).

RIO DAS VELHAS SERIES

The Rio das Velhas series is divided into two groups 
of rocks; the Nova Lima group at the base, consisting 
of phyllite and green schist with minor amounts of 
quartzite and iron-formation; and the Maquine group, 
composed largely of quartzite and conglomerate with 
some schist and phyllite. Dorr and others (1957, p. 21-

s Iron-formation will be used in this report as a general term for 
banded iron-rich sedimentary rock. The iron-bearing minerals may be 
hermatite, magnetite, goethite, or limonite. The iron-rich layers alter­ 
nate with light-colored minerals.. Itabirite is metamorphosed oxide 
facies iron-formation with alternate laminae of iron-rich material and 
recrystallized chert. If dolomite is found in the chert layers, or in 
place of the chert, the rock is called dolomitic itabirite.

639646 O 62   2

give a minimum thickness of 4,200 meters for the 
Nova Lima group and 850-1,800 meters for the Maquine 
group. No rocks definitely of the Maquine group were 
found in the mapped area" although the possibility that 
the quartzite of the Serra do Ouro Branco is part of 
the Maquine group could not be disproved.

The schist and phyllite of the Rio das Velhas series 
are similar in appearance to rocks in the Minas series; 
so the basal quartzite of the Caraca group in the Minas 
series is important in distinguishing the two series in 
the field. Unfortunately the quartzite is missing in 
part of the Dom Bosco quadrangle, and the distinction 
cannot always be made confidently.

DISTRIBUTION

Schists definitely of the Rio das Velhas series have 
been mapped across the northern part of the Dom Bosco 
quadrangle and in the southeast corner of the Cachoeira 
do Campo quadrangle, where they underlie the Caraga 
quartzite and have been intruded by granodirite of the 
Itabirito batholith. The contact between the schist 
and the gneissic rocks of the batholith swings to the 
north in the Sao Bartolomeu quadrangle east of Cacho­ 
eira do Campo (fig. 1) and reenters the Cachoeira do 
Campo quadrangle east of Glaura (pi. 1). The schist 
east of the contact is a continuation of the rocks mapped 
by O'Rourke (written communication). The isolated 
areas of schist found within the region underlain by the 
batholith are also mapped as Rio das Velhas series 
although no direct evidence was found for their correla­ 
tion other than lithologic similarity and contact rela­ 
tions with the gneiss.

A band of schist and phyllite, mapped as part of 
the Rio das Velhas series, extends westward from near 
Dom Bosco to the edge of the mapped area (pi. 2).

Green schist intruded by granitic rock is found both 
north and south of the Serra do Ouro Branco. That 
south of the Serra is the eastward extension of the 
green-schist and granodiorite complex mapped as Minas 
equivalent (?) by Guild (1957, pi. 2). Exposures in the 
Dom Bosco and Ouro Branco quadrangles show that 
this schist underlies the quartzite of the Serra do Ouro 
Branco with slight to moderate unconformity. If the 
quartzite of the Serra is part of the Caraga group as 
proposed in this report, and as suggested by Guild 
(1957, p. 13), then the underlying schist should belong 
to the Rio das Velhas series.

The stratigraphic position of the wedge of green 
schist and granodiorite north of the Serra and east 
of the Fazenda Quindim (pi. 2) is uncertain. The 
rocks are identical in appearance with those south of 
the Serra and are mapped as Rio das Velhas series 
repeated by faulting. Their position in the section re­ 
mains open to question because of the possibility that
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TABLE 1. Comparative stratigraphic chart of the Precambrian rocks of the Quadrilatero Ferrifero

1915 
Harder and Chamberlin

.2

Probable Archean

Itacolumi quartzite

Piracicaba formation

Itabira formation

Batatal 
formation

Carafa quartzite 3

» 
a

i a
w
03

Quartzite, phyllite, 
and conglomerate

Schist, quart7ite, 
and dolomite

Iron-formation 
(itabirite)

Schist

Quartzite, conglom­ 
erate, and quartz 
and mica schist

Gneiss, amphibolite, 
and granite

1954 
O. Barbosa

Itacolumi series

Minas series

 2

,0

Mantiqueira 

series

I
£
03 

1

PH

Itabira formation

i
J3

C3

Q

Quartzite, phyllite, 
and conglomerate

Phyllite, quartzite, 
dolomite, and iron- 
formation (itabirite)

Dolomite, iron-forma­ 
tion (itabirite), and 
phyllite '

Quartsite and 
conglomerate

Green schist, talc ' 
schist, gneiss, and 
granodiorite

Gneiss

1956 
A. I. de Oliveira

Itacolumi series

Minas series

pre-Minas series

Mantiqueira 

series

Piracicaba formation

Itabira formation

03 P O SS'-o
W"

Caraca formation

Quartzite, phyllite, 
and conglomerate

Quartzite, phyllite, 
ferruginous quartz­ 
ite, and graphitic 
phyllite

Itabirite and dolomite

Phyllite

Quartzite and con­ 
glomerate

Quartz and mica 
schist, gneiss, 
phyllite, graywacke, 
iron formation, 
quartzite, and 
dolomite

Gneiss

1956 
U.S. Geological Survey-Departamento 

Nacional da Producao Mineral

.2

a a

 S

io
§

Rio das Velhas series

z

1 
a 
£
a
3 

03

1

Itabira group

a 

o
a 

1

03

3 S1 

o

Quartzite, phyllite, and 
conglomerate.

Chlorite schist and gray­ 
wacke with metavol- 
canic rocks.

Graphite schist.

Quartzite.

Quartz schist and fer­ 
ruginous schist.

Ferruginous quartzite, 
phyllite, conglomerate, 
and dolomite.

Gandarela formation; dol­ 
omite, phyllite, itabi­ 
rite, and dolomitic itab­ 
irite.

Cau6 itabirite; itabirite 
(oxide facie iron-form­ 
ation).

Batatal formation; phyl­ 
lite and graphitic phyl­ 
lite.

Quartzitic phyllite, 
quart site, and con­ 
glomerate.

Upper part; quartzite, 
conglomerate, and 
quartz schist.

Lower part; quartzite, 
graywacke, quartz 
schist, and phyllite.

Phyllite and green schist 
(metasediments and 
metavolcanic rocks), 
iron formation (carbon­ 
ate), quartzite, dolom­ 
ite, and graywacke

Gneiss and granitic rock.

1 Includes the Batatal of Harder and Chamberlin.
2 Includes rocks classified in the U.S. Geological Survey-Departmento Nacional da Producao Mineral classification as Maquinfi group, 
s Includes part of the Rio das Velhas series in the U.S. Geological Survey-Departmento Nacional da Producao Mineral classification. 
4 Includes some known post-Minas rocks.
6 The oldest gneisses and granitic rocks in the Quadrilatero Ferrffero do not have the same appearance as those of the type locality of the Mantiqueira series of O. Barbosa. 

Post-Minas gneiss is common.

they are rocks in the upper part of the Minas series 
that have been intruded by granitic material which 
raised the grade of metamorphism to a higher degree 
than that commonly found in the upper part of the
Minas.

LITHOLOGY

Because very few outcrops of fresh rock were found 
in areas underlain by schist of the Rio das Velhas series,

the rock descriptions will be those of weathered ma­ 
terial or saprolite.3

Reddish-brown to dark-red weathered schist is the 
most common rock type found in representative out­ 
crops of the Rio das Velhas series. The rock may be

8 Saprolite is a general term for earthy material or clay that has 
formed in place from the parent material. Although the structure and 
texture of the parent rock are preserved, the mineralogy, owing to 
weathering, has radically changed.
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phyllitic and may show a woody texture not found in 
the Minas series. Bleached micaceous material and 
quartz are generally the only recognizable minerals; 
they are enclosed in red clay. The micaceous material 
may be bleached chlorite or mica; individual flakes have 
a refractive index of 1.58 and show a negative, nearly 
uniaxial figure.

Fresh phyllite was found along the Ribeirao Mango, 
200 meters northeast of Lagoa Seca in the northern part 
of the Dom Bosco quadrangle. The rock is fine grained 
and gray with a silvery sheen on the schistosity sur­ 
faces. As seen in thin section, the principal minerals 
are qnartz and sericite with about 10 percent magnetite. 
Chlorite and tourmaline are common accessory miner­ 
als. Porphyroblasts of garnet as much as 0.3 milli­ 
meter in diameter are probably due to contact meta- 
morphism, as the outcrop is near the margin of the 
Itabirito batholith; garnets are common in the red 
schist near the contact. Sericite aggregates, pseudo- 
morphous after a tabular mineral, possibly staurolite, 
are also seen in thin section.

Black graphitic schist is found in the belt of Rio das 
Velhas series rocks near the center of the Dom Bosco 
quadrangle, where it underlies red schist. Dark-gray 
schist is also found in the bed of the Rio das Velhas 
in the northeast corner of the Cachoeira do Campo 
quadrangle. The graphitic schist is dark gray to black 
and may have a reddish sheen on slip surfaces. The 
weathered rock is soft and enough graphite may be 
present to mark the fingers; some beds are hard and 
splintery. The schist is finely laminated, commonly 
with corrugations developed on the laminae. Slight 
color banding and a few red or brown beds show that 
most schistosity is close or parallel to bedding.

Coarse clastic rock is rare in the pre-Minas rocks in 
the mapped area. A quartzite with abundant detrital 
tourmaline occurs in a patch of schist north of Amaran- 
tina in the Cachoeira do Campo quadrangle. A thin 
conglomerate crops out on the ridge crest at coordi­ 
nates N. 8,580, E. 360 4 in the Dom Bosco quadrangle 
and can be traced to the southeast for several hundred 
meters. The conglomerate is about 3 meters thick and 
is on the contact between red and black schist. Granules 
and rounded pebbles as much as 1 centimeter in length 
occur in a sandy matrix. Chlorite was found to be an 
abundant constituent. As seen in thin section, the 
chlorite flakes are found between the quartz grains and 
in braided aggregates closely intergrown with biotite. 
Sericite and magnetite are accessory minerals.

* Owing to the scarcity of named places in the quadrangles, a co­ 
ordinate system will be used for location when needed. The coordinate 
numbers represent the distance in meters from the south and west 
borders of each quadrangle. The guide marks plotted along the margins 
of the maps at 2,500-m intervals will aid in location.

THICKNESS AND CANTACT RELATIONS

Rocks of the Maquine group are absent in the mapped 
area, unless the quartzites of the Serra do Ouro Branco 
prove to be Maquine in age. An unknown thickness of 
the Nova Lima group wag removed before deposition 
of the Minas series; the base of the Nova Lima group 
is not exposed. A section along the ridge at N. 8,600, 
E. 360 that is about 650 meters thick and is bounded 
by faults above and below was the only section found 
that could be measured directly. Estimates of thick­ 
ness based on the map width of the belts of pre-Minas 
rocks would be meaningless, as the internal structure 
of the belts is unknown. The rocks of the Minas series 
are tighlty folded, and there is no reason to suppose that 
the pre-Minas rocks of similar lithology would be less 
folded, particularly as they have undergone at least 
one additional period of deformation.

The schists of the Rio das Velhas series underlie the 
quartzite or iron-formation of the Minas series with 
slight to moderate unconformity. The contact in the 
northern part of the Dom Bosco quadrangle is nearly 
conformable except where it was crossed by Corrego 
Holanda. Here, a 40° difference in strike was found 
between the schist and the overlying quartzite. Part 
of the difference may have been due to hill creep, as the 
contact is on a steep hillside and not exposed. Else­ 
where, the strike of the beds on either side of the con­ 
tact is nearly the same, but the dip may differ 10° to 
15°. The contact is well exposed north of the Ouro 
Preto highway in the southeast corner of the Cachoeira 
do Campo quadrangle, where channeling is evident on 
the surface of the pre-Minas schist. Bedding is nearly 
conformable in this area.

A strong angular unconformity between schist of the 
Rio das Velhas series and the overlying iron-bearing 
Caue itabirite can be seen on the ridge northeast of 
Alemao in the Dom Bosco quadrangle (N. 8,540, E. 
4,780). The contact itself is covered, but beds in the 
schist 40 meters from the contact strike into it at a 
high angle and dip in the opposite direction; there 
is no evidence of faulting. Schist of the Batatal for­ 
mation normally lies beneath the iron-formation (table 
1), but the rocks in question are not believed to be 
Batatal for two reasons: several hundred meters of 
schist are exposed in this area, while the known Batatal 
formation, only 4 kilometers to the north, ranges from 5 
to 10 meters in thickness, or may be absent entirely; 
the contact with the Caue itabirite is unconformable, 
at least in part, whereas elsewhere in the Quadrilatero 
Ferrifero, the contact between the Caue itabirite and 
Batatal formation is conformable. The absence of the 
quartzite, found beneath the Batatal formation in the 
normal sequence, could also be due to nondeposition,
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as the quartzite is very thin in the northern section.
The contact at the base of the Ouro Branco scarp

is exposed at the west end of the range (fig. 3) and

FIGURE 5. Contact between quartzite and the underlying schist at the 
west end of the Serra do Ouro Branco.

along the Ouro Branco-Ouro Preto road. The strike 
of the schistosity in the schist and quartzite at the west 
end of the range differs about 20°. Bedding and 
schistosity are about the same in the quartzite, but 
their relationship could not be determined in the schist. 
The schist and quartzite are apparently conformable 
at the contact exposed along the road.

MINAS SERIES

The Minas series has been divided into three groups 
and many formations (Dorr and others, 1957, p. 22-29, 
and table 1). At the base is the Caraga group, which 
consists of clastic rocks, largely quartzite, quartz-rich 
schist, and conglomerate, with some phyllite near the 
top. These rocks are overlain by the Itabira group, 
principally sedimentary rocks of chemical origin, which 
includes the Caue itabirite at the base and carbonate 
rock of the Gandarela formation above. The separa­ 
tion within the Itabira group is not complete; itabirite 
is found interbedded with carbonate rock, and part of 
the itabirite is dolomitic. The Piracicaba group over­ 
lies the Itabira group with local disconformity; the 
group consists of clastic rocks with some dolomite.

This sequence, widely exposed elsewhere in the 
Quadrilatero Ferrifero, can be found only in the north­ 
ern part of the Dom Bosco quadrangle, and even there 
the Caraga group and the Caue itabirite are thin and 
locally wedge out. Farther south the section is incom­ 
plete, and the location of contacts is arbitrary because 
the low-grade schists and phyllites of the different se­ 
ries are commonly indistinguishable in the field.

The Gandarela formation in the mapped area con­

tains much more clastic rock than it does elsewhere in 
the Quadrilatero Ferrifero. Rocks of the Piracicaba 
group underlie a large area, but while all the rock 
types shown in table 1 are represented, it was not found 
possible to map them separately as formations owing 
to poor exposures or thinning of the lithologic types. 

The section of the Minas series in the Dom Bosco 
quadrangle is in sharp contrast to that normally found 
in the Quadrilatero Ferrifero. The formations in the 
Dom Bosco quadrangle contain more clastic material 
and are not found as continuous units. The area may 
have been marginal to the basin in which the sediments 
of the Minas series were deposited. This could explain 
both the relative abundance of clastic rocks and the 
thinning and cutting out of the beds. A land area may 
have extended southeastward from the Itabirito batho- 
lith in the area where rocks of the Caraga and Itabira 
groups are missing.

CARAQA GROUP

The thick and widespread quartzite at the base of the 
Minas series was named "Caraga quartzite" by Harder 
and Chamberlin (1915, p. 351), and the overlying schist 
and phyllite were named "Batatal formation" by the 
same authors. Since then, the quartzite was found to 
be divisible into three formations in parts of the 
Quadrilatero Ferrifero (G. A. Rynearson, oral com­ 
munication) , and these, together with the Batatal for­ 
mation have been renamed "Caraga group" by Dorr 
and others (1957, p. 24r-25). In the area described in 
this report, the quartzite cannot be divided, and the 
overlying schist and phyllite is not thick; so only the 
group was mapped during the present investigation.

The quartzite of the Serra do Ouro Branco, described 
in this part of the report, cannot be correlated with 
certainty to the quartzite of the Caraga group.

DISTRIBUTION

The Dom Bosco quadrangle contains most of the ex­ 
posures of quartzite of the Caraga group. A thin band 
of quartzite extends eastward from the Cidreira dolo­ 
mite quarry in the northern part of the quadrangle 
and continues to the Serra Siqueira in the southeast 
corner of the Cachoeira do Campo quadrangle. The 
quartzite is not continuous west of the quarry but re­ 
appears in the Sao Juliao quadrangle and thickens to 
the northwest.

Many of the other quartzite occurrences in the 
mapped area cannot be dated with certainty. The great 
mass of quartzite of the Serra do Ouro Branco is 
mapped as Caraga (?). The large quartzite area east of 
Morro do Gabriel is also mapped as Caraga (?) because 
the rocks closely resemble those of the Serra do Ouro 
Branco.



GEOLOGY, CACHOEIRA DO CAMPO, DOM BOSCO, AND OURO BRANCO QUADRANGLES B-0

LITHOLOGY

The sericitic quartzite, sericitic conglomerate, and 
quartz-sericite schist mapped as the Caraga group are 
light colored. Weathered surfaces are light to medium 
gray, and the fresh rock may be white to light gray. 
Greenish-gray rocks are not uncommon, and some ex­ 
posures are moderate orange pink (Rock Color Chart, 
Natl. Research Council, 1948), owing to the staining 
of the sericite by iron.

Weathered surfaces have a rough texture caused by 
the presence of abundant coarse grains of quartz found 
in most quartzite beds. These grains range from 1 to 
3 millimeters in diameter and generally make up more 
than 10 percent of the rock; most of the beds could thus 
be classified as conglomerate (PettiJohn, 1949). How­ 
ever, as they range from coarse quartzite to conglom­ 
erate, they will be called quartzite in this report to dis­ 
tinguish them from strongly contrasting beds of con­ 
glomerate made up of coarser material.

Bedding in the quartzite is nearly everywhere ob­ 
scured by shearing and could not be determined at many 
outcrops. The sheared rock is composed of layers of 
granular quartz 1 to 2 mm in thickness separated by 
partings of sericite 1 mm or less in thickness. The seri­ 
cite is braided; it splits and joins along strike, separat­ 
ing the quartz layers into lenses. The shearing may be 
parallel to bedding, but is often at a high angle to it

FIGUBE 4. Schistosity developed in quartzite on the Serra do Ouro 
Branco. Bedding is nearly at right angles to the schistosity.

(fig. 4). Where it can be seen, bedding is shown by 
variations of grain size in adjacent beds or by color 
banding. In the Serra do Ouro Branco, the bedding 
is usually parallel to the trend of the range, but the 
shearing strikes north to northwest. The range in 
thickness of individual beds is not well known, owing 
to the difficulty in determining the bedding. Beds 5

to 10 centimeters thick are known to exist, and a con­ 
glomerate on the north flank of the range is more than 
5 meters thick with no definite break.

Quartz and sericite in varying proportions are the 
dominant minerals in the quartzite of the Caraga group. 
The quartz shows strain shadows in thin section, and 
the larger grains have crushed borders even though 
the grains are rounded. The small grains are angu­ 
lar and poorly sorted. This could be due to crush­ 
ing during shearing rather than to original deposi- 
tional differences. The larger grains are either individ­ 
ual quartz grains or aggregates of small grains that 
could originally have been quartzite or chert. Sericite 
occurs as tiny plates concentrated in thin laminae and 
also scattered through the quartz bands. Some of the 
quartzite is massive and fine grained rather than schis­ 
tose, and the sericite is oriented poorly and scattered 
throughout the rock. This massive quartzite is com­ 
mon in the rocks of the Caraca group in the northern 
part of the Dom Bosco quadrangle but is rare elsewhere. 
Specular hematite and magnetite are common accessory 
minerals; zircon was found in some thin sections, and 
plagioclase was seen in one thin section from the Serra 
do Ouro Branco. Not enough petrographic work was 
done to determine the abundance or distribution of 
plagioclase.

Conglomerate crops out in the Serra do Ouro Branco 
and in the quartzite east of Morro do Gabriel. It is 
interbedded with quartzite at several places in the 
Serra do Ouro Branco, but a basal conglomerate was 
not found. The conglomerate is composed of rounded 
pebbles of quartz and quartzite or recrystallized chert 
as much as 10 centimeters in length in a groundmass of 
sand-size quartz and sericite; the pebbles make up 50 
to 70 percent of the rock. Magnetite is abundant in 
the groundmass of some conglomerate. Ferruginous 
quartzite and phyllite pebbles were found at one local­ 
ity near the north border of the Ouro Branco quartzite 
(N. 800, E. 9,650) in the Dom Bosco quadrangle. The 
pebbles are flattened and alined parallel to the schistos­ 
ity. Conglomerate is rare in the other quartzite areas 
mapped as Caraga. A fine-grained pebble conglomerate 
crops out in the quartzite mass east of Morro do Gabriel 
(N. 5,720, E. 9,080). The pebbles are 3 to 4 millimeters 
long and are composed of vein quartz and quartzite or 
recrystallized chert.

The Batatal formation, not mapped separately in 
this study, consists of argillaceous schist and phyllite 
and is found between the quartzite of the Caraga group 
and the Caue itabirite. Because the rocks are dom- 
inantly clastic in origin, they have closer affinities to 
the Caraga group than to the chemical sediments of the 
Itabira group. They have therefore been included in
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the Caraga group in the present stratigraphic classifi­ 
cation.

The sericitic schist and phyllite of the Batatal for­ 
mation can only be recognized where the complete lower 
section of the Minas series is exposed, as the rocks are 
indistinguishable from similar rocks in other units of 
the stratigraphic section. Exposures in road cuts in the 
northern part of the Dom Bosco quadrangle show from 
5 to 10 meters of brown- and red-weathering schist that 
lies between the quartzite and the iron-formation. This 
schist is not continuous, as elsewhere along the same 
stratigraphic horizon the iron-formation lies directly 
on the quartzite (N. 12,930, E. 8,130). Because the 
Batatal formation weathers readily and no fresh rock 
was found, the reader is referred to reports on adjacent 
areas for a description of the formation.

THICKNESS AND CONTACT RELATIONS

The stratigraphic position of the quartzite of the 
Caraca group near the north boundary of the Dom 
Bosco quadrangle is well defined. All units of the 
Minas series are present, with the Caraga at the base 
disconformably overlying the schist of the Nova Lima 
group. The quartzite is not continuous, but where pres­ 
ent, its thickness ranges from 1 to 75 meters. Thicker 
sections are limited in extent and may represent chan­ 
nels cut into the pre-Minas surface. The quartzite is 
overlain with apparent conformity by either schist of 
the Batatal formation or itabirite of the Caue itabirite.

The stratigraphy is not as well defined in the central 
part of the Dom Bosco quadrangle. The northern con­ 
tact of the quartzite body east of Morro do Gabriel is 
faulted from Morro do Gabriel to Dores da Belavista. 
East of Belavista the quartzite is overlain by schist and 
phyllite interbedded with thin quartzite. No iron-for­ 
mation or carbonate rocks are found near the contact, 
and therefore the overlying rocks could not be corre­ 
lated; they could be the equivalent of both the Caue 
itabirite and Gandarela formation, or they could be­ 
long to the Piracicaba group with the lower forma­ 
tions not represented. The southern contact of this 
quartzite body is not well exposed owing to its location 
near the base of a moderately steep ridge. Iron-forma­ 
tion 10 to 15 meters in thickness is found along the con­ 
tact north of Fazenda Lavrinha from E. 9,400 to E. 
10,700, but seems to be absent both to the east and to 
the west. Bedding in the quartzite could be determined 
at only one locality (N. 4,340, E. 9,760) where the quart­ 
zite dips under the adjacent rocks, but it could not be 
determined if the contact was conformable. The over­ 
lying rocks south of the quartzite are more schistose 
than those to the north and are interbedded with lenses 
of thick, massive quartzite. This lack of correlation 
suggests that the main body of quartzite is not exposed

in a simple anticline, although the rocks on either side 
belong to the Minas series.

The thickness in this area could not be determined be­ 
cause the rock is too highly sheared to determine either 
bedding or structure. Minor crumpling of the shear 
planes is common, and the section could well be thick­ 
ened by both folding and faulting.

The small area of quartzite north of Morro do Bule 
appears similar to the quartzite found to the northeast 
and has probably been thrust into its present position.

An apparent thickness of more than 1,400 meters of 
quartzite and sericitic quartzite is found in the Serra do 
Ouro Branco between the lower contact at the base of the 
scarp and the mafic dike on the north flank of the range. 
The dike has been intruded along a fault,, and therefore, 
the quartzite to the north could be repeated; if not, an 
additional 500 meters is represented. There is evidence 
of imbricate structure within the range, and the true 
thickness may be less. Isoclinal folding, as postulated 
by O. Barbosa (1949, p. 10), would greatly reduce the 
true thickness, but in the absence of marker beds, the 
presence of such folding could not be determined. O. 
Barbosa gives a maximum thickness of 500 meters for 
this unit, which he refers to as the Santo Antonio 
formation.

THE PROBLEM OF THE QUARTZITE OF THE SERRA DO OURO BRANCO

A problem concerning the stratigraphic position of 
the quartzite of Serra do Ouro Branco became evident 
at an early date in the USGS-DNPM investigations. 
Harder and Chamberlin (1915, p. 353) and Guimaraes 
(1951, p. 65) believed that the quartzite is post-Minas in 
age and correlates with the Itacolumi quartzite found 
to the east. O. Barbosa (1949, p. 7) made it part of his 
Santo Antonio formation in the upper part of the Minas 
series, but in a later paper (O. Barbosa, 1954, p. 26) he 
correlated it with the Itacolumi series. Guild (1957, p. 
13) found evidence at the west end of the Serra that led 
him to map the quartzite as Lower Minas (?) or Caraca 
quartzite. The writer favors a correlation with rocks of 
the Caraga group or possibly even older, but no evidence 
was found that wTould definitely rule out correlation 
with quartzite of the Itacolumi series. As this is one of 
the chief stratigraphic problems remaining in the 
Quadrilatero, the geologic setting of the Serra will be 
summarized and the problem discussed.

The quartzite and minor conglomerate that make up 
the Serra do Ouro Branco crop out as a lens-shaped 
mass with its greatest thickness in the Dom Bosco quad­ 
rangle, where the outcrop width is more than 2.5 kilo­ 
meters. The quartzite disappears in the Sao Juliao 
quadrangle to tlie west, where it thins greatly before it is 
faulted. The lens also thins eastward in the Sta. Rita 
quadrangle and seems to wedge out. A. L. M. Barbosa
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(oral communication) found quartzite layers north of 
the eastern end of the lens that may be faulted segments 
of it, but he was unable to follow the segments to the 
east or to connect them with the thick quartzite found 
to the north and east that he correlates with the Ita- 
columi series. This lenslike shape could be interpreted, 
in the absence of other evidence, as being due to deposi­ 
tion in a small basin with thinning on the margins of the 
basin, or as a canoe-shaped isoclinal fold, either a syn- 
cline or an anticline. Little evidence could be found 
within the quartzite area to prove the presence of a 
plunging fold. The curving change in schistosity and 
bedding found locally is probably due to thrusting 
rather than folding, as the beds do not make the com­ 
plete reversal in strike that is found around the nose of 
a fold. The changes are thought to mark the position of 
faults where the quartzite has been thrust westward 
forming imbricate structure. Except for these local 
variations the beds strike parallel to the long axis of 
the lens and dip northward 30° to 60°.

Lithologically the quartzite and conglomerate of the 
Serra cannot be distinguished in the field from quartzite 
elsewhere in the Quadrilatero Ferrifero that has been 
assigned to the Caraga group, Itacolumi series, or even 
Maquine group. A study of the conglomerate pebbles 
proved unsuccessful as nearly all are quartz or quartz­ 
ite. A gneiss pebble found in the conglomerate by 
Dorr (oral communication) was of little value for 
dating because it could be either pre-Minas or post- 
Minas gneiss, or it could be a gneiss pebble reworked 
from an older conglomerate. No itabirite pebbles were 
found by the writer although some iron-rich material 
and phyllite pebbles were found near the northern mar­ 
gin of the quartzite (N. 800, E. 9,650). Iron-formation 
is known to occur in the Rio das Velhas series (Gair, 
written communication) ; therefore, iron-formation 
pebbles in conglomerate would not be conclusive evi­ 
dence for a post-Itabira age.

South of the Serra a slight to moderate unconformity 
separates the quartzite body from a green-schist and 
granodiorite complex, which dips north beneath the 
quartzite. A similar complex but with possibly less 
granodiorite is found north of the Serra and east of 
Alto do Quindim. These rocks also dip northward 
but are essentially conformable with the quartzite. 
Minas series rocks are found in contact with the quart­ 
zite north of the Serra and west of the green schist. 
This contact is definitely a fault at Alto da Pedra do 
Sabao where the dolomitic iron-formation can be seen 
striking nearly at right angles to the contact. The fault 
is assumed to continue to the west along the valley of 
the Ribeirao da Colonia.

From the foregoing summary it can be seen that the

only rocks that can be correlated with certainty are 
those of the Itabira group north of the Serra, and they 
are in fault contact with the quartzite. The age of 
either the quartzite or the other rocks must be assumed 
in order to explain their relations.

A correlation of the quartzite with the Itacolumi 
series would imply that the structure is an isoclinal 
syncline, because it is generally agreed that the quart­ 
zite of the Itacolumi series belongs to the youngest 
sequence of sedimentary rock in the area. The adja­ 
cent rocks, other than those of the Itabira group, would 
then belong to the Piracicaba group, for it is very un­ 
likely that the entire Minas series would be missing 
and that the quartzite of the Itacolumi series would be 
deposited on the Rio das Velhas series. The difficulty 
with this interpretation is that the green schist and 
granodiorite complex shows little resemblance to rocks 
of the Piracicaba group. The quartzite, ferruginous 
quartzite, and dolomite found in the Piracicaba group 
are not present south of the Serra do Ouro Branco even 
though a thick section is represented. On the other 
hand, the thick green-schist section could be easily 
correlated with the Nova Lima group in the Rio das 
Velhas series where thick sections of schist are known 
to occur. The itabirite and dolomite of the Itabira 
group would also be expected south of the Serra, but 
they have not been found.

Another possibility would be that the quartzite is 
part of the Maquine group of the Rio das Velhas series. 
J. E. Gair (written communication) found a thick sec­ 
tion of quartzite, conglomerate, and quartz-sericite 
schist at the top of the Maquine group in the Rio Acima 
quadrangle. However, he also mentions graywacke 
and phyllite beneath the quartzite; these rocks are not 
found in the Serra do Ouro Branco area. Because the 
quartzite of the Maquine was removed by erosion over 
most of the Quadrilatero Ferrifero before deposition 
of the Minas series, it seems unlikely that the quartzite 
in the Serra represents a thick isolated section of the 
Maquine.

The interpretation of the geology shown on the maps 
and sections (pi. 2) of this report is based on the as­ 
sumption that the green schist granodiorite complex is 
part of the Rio das Velhas series. The quartzite rests 
with slight to moderate unconformity on the schist in 
a relation similar to that found at the base of the CaraQa 
group elsewhere in the Quadrilatero Ferrifero (Ry- 
nearson and others, 1954). A normal fault has dropped 
the rocks of the Gandarela formation against the 
quartzite on the north side of the Serra.

The main difficulty with the interpretation shown 
on the map is the relation between the quartzite and 
the green-schist and granodiorite complex found north
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of and near the east end of the Serra. The schist can 
be almost certainly correlated with that south of the 
Serra, therefore, its present position must be explained 
by folding or faulting. If the quartzites are folded into 
an isoclinal syncline, then the schist would be in its 
expected position on the overturned limb of the fold, 
but the relation between the quartzite and the Ganda- 
rela formation north of the Serra could then be ex­ 
plained only by a very complex series of events. 
Thrusting from the east is common in this part of the 
Quadrilatero Ferrifero (Guild, 1957, pi. 2) and is the 
solution preferred by the writer, although evidence 
of a thrust fault along the contact of the schist and the 
quartzite north of the Serra is admittedly weak.

The physiography of the area can also be used as sup­ 
porting evidence for assigning the quartzite to the 
Caraga group. The rocks of the Minas and Itacolumi 
series occupy the highlands of the Quadrilatero Fer­ 
rifero and are bordered by steep slopes or scarps formed 
on quartzite of the Caraga group or Caue itabirite. 
The Serra do Ouro Branco scarp may be one of these, 
and it is in good alinement with the edge of the known 
Minas series mapped by Guild (1957, pi. 2). The 
analogy breaks down to the east however, where a simi­ 
lar scarp is found cut in rocks mapped as Itacolumi 
quartzite by A. L. M. Barbosa (oral communication).

The solution of this problem will have to await a 
detailed study of the Serra to show its internal struc­ 
ture coupled with a regional study of the quartzites to 
determine if they can be separated. Heavy-mineral 
suites or trace-element studies may afford a means of 
correlation.

ITABIRA GROUP

The Itabira group as defined by Dorr and others 
(1957) is composed of the Caue itabirite, named by 
Dorr (written communication), and the Gandarela for­ 
mation, named by Dorr (written communication). 
The Caue itabirite is composed of oxide facies iron- 
formation, largely itabirite, with minor amounts of 
clastic sedimentary rock and dolomite whereas the over­ 
lying Gandarela formation contains dolomite, dolomitic 
itabirite, itabirite, and iterbedded schist and phyllite.

The rocks of the Itabira group are economically the 
most important in the Quadrilatero Ferrifero because 
they contain all the commercial iron deposits and most 
of the dolomite and manganese. No iron deposits have 
been mined on a large scale in the area described in 
this report; but dolomite is being quarried, and manga­ 
nese deposits have been commercially important in 
the past.

The dolomite and associated rocks now called part of 
the Gandarela formation were assigned to the base of 
the overlying Piracicaba group by Harder and Cham-

berlin (1915, p. 362), but recent work lias shown tliat 
there is a gradational change from itabirite to dolomitic 
itabirite and dolomite (Guild, 1957; Dorr, written com­ 
munication) , and a disconformity between the dolomite 
and the overlying rocks (J. B. Pomerene, written com­ 
munication). The group boundary was therefore 
placed at the top of the dolomitic Gandarela formation.

CAUE ITABIRITE

The Caue itabirite in the mapped area differs from 
the type section in the Itabira district described by 
Dorr (written communication), in that clastic rocks 
seem to be absent. The formation is thinner here than 
in most parts of the Quadrilatero Ferrifero and may be 
absent locally. Conditions were not favorable for the 
formation of massive hematite bodies.

Distribution

The Caue itabirite overlies the Caraga group in the 
northern part of the Dom Bosco quadrangle and in the 
southeast corner of the Cachoeira do Campo quad­ 
rangle. The formation could not be traced west of the 
Cidreira quarry (southwest of Catete), but itabirite 
reappears west of Sitio Lagoa Seca and can be traced 
for several hundred meters. Another outcrop belt 
extends from near Alemao east to a point 1 kilometer 
south of Dom Bosco. The lower part of this unit is 
itabirite and is believed to belong to the Caue itabirite; 
the upper part seems to be dolomitic itabirite of the 
Gandarela formation. A parallel lens east of Morro 
Mandachuva is also made up of the Caue and Gandarela. 
The largest area underlain by itabirite is found west 
of Hargreaves and south of the railroad, where a thick 
plate of Caue itabirite has been thrust over younger 
phyllite (pi. 2 and fig. 5).

FIGURE 5. Itabirite of the Cau§ itabirite capping bills southwest of 
Hargreaves, Dom Bosco quadrangle, and thrust over phyllite of the 
Gandarela formation.
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Itabirite that crops out north of Fazenda Lavrinha, 
on the contact with quartzite, was mapped as Caue 
itabirite, because the quartzite is believed to belong 
to the Caraga group.

Lithology

Itabirite of the Caue itabirite ranges from well- 
banded rock, with a good separation of iron minerals 
and quartz, to rock with inconspicuous banding and 
considerable intermixing of minerals. The bands 
range from 1 to 5 mm in thickness. No systematic 
variation in thickness of the bands was found either 
with respect to position in the section or to location in 
the mapped area. Individual bands are continuous for 
several meters in areas not affected by small scale 
crumpling; such crumpling is common and very 
irregular.

The iron minerals in the itabirite are specularite 
and magnetite. Specularite is believed to be the 
dominant oxide in the Caue formation, with magnetite 
more abundant in the itabirite associated with dolomite 
(Guild, 1953, p. 645). The iron mineral in the north­ 
ernmost exposures of Caue itabirite was found to be 
magnetic but a chemical analysis (table 4, No. 1) shows 
that only a small amount of the iron occurs as FeO, 
so magnetite may be only a thin surficial coating on the 
mineral grains. (See p. B-31.) Micaceous specularite 
occurs in the itabirite in a railroad cut west of Dom 
Bosco but is not common elsewhere in the Caue itabirite 
of the mapped area.

The grain size of the itabirite, according to the Went- 
worth classification, ranges from fine to very fine sand. 
Measurements of individual grains made on three sam­ 
ples of Caue itabirite show a range in grain size of the 
quartz grains of from 0.05 to 0.40 mm with sample 
averages of 0.10, 0.14, and 0.16 mm. The finest grained 
material is from the micaceous specularite-bearing ita­ 
birite west of Dom Bosco. Magnetite grains average 
about 0.05 mm in diameter, and the specularite flakes 
range from 0.01 to 0.05 mm in thickness and from 0.08 
to 0.25 mm in length.

Fresh itabirite was not found in outcrop or in the 
limited workings in the area. The iron minerals are 
altered to limonite in many exposures, but most banding 
remains visible. The quartz grains may be removed 
by weathering, which leaves the iron-rich bands project­ 
ing as thin ribs. Sericite or talc and amphibole, pos­ 
sibly cummingtonite, are the only other minerals seen 
in hand specimens of the itabirite; no material was 
found suitable for thin section. Sericite or talc flakes 
are at the margin of some recrystallized chert bands, and 
cummingtonite(?) was in the quartz layers in one lo­ 
cality west of Hargreaves (N. 6,270, E. 2,100).
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Thickness and contact relations

The true stratigraphic thickness of the Caue itabirite 
could not be determined owing to the widespread crum­ 
pling of the beds and consequent thickening of the sec­ 
tion. The northern belt of itabirite is about 50 meters 
thick where cut by the Cachoeira do Campo-Dom Bosco 
road and seems to thicken eastward. The exposures 
south of Dom Bosco show an outcrop width of over 200 
meters, and a similar thickness is indicated in the folded 
mass of itabirite west of Hargreaves.

The Caue itabirite appears to lie conformably on 
either the Batatal formation or the quartzite of the 
Caraga group in the normal stratigraphic section ex­ 
posed in the northern part of the Dom Bosco quadran­ 
gle. No evidence was found to show that the Batatal 
formation was eroded prior to deposition of the itabi­ 
rite, or was never deposited. The change from phyllite 
or quartzite to iron-formation is abrupt and may per­ 
haps be best explained by gentle uplift followed by a 
new invasion of the sea with a change in physical and 
chemical conditions. However, no basal conglomerate 
or material from the underlying formations was found 
in the iron-formation; therefore, deposition may well 
have been continuous.
The upper contact with the Gandarela formation is 

conformable and is placed at the first appearance of 
dolomitic itabirite or of rocks other than itabirite. The 
highway between Cachoeira do Campo and Ouro Preto 
crosses the contact in the southeast corner of the Ca­ 
choeira do Campo quadrangle, where dolomite lies on 
ferruginous quartzite at the top of the iron-formation. 
Farther west, splash rock 5 is found above the itabirite, 
and near the Cidreira quarry the itabirite is overlain 
by schist and phyllite.

Contact relations of the Caue itabirite are obscure 
elsewhere in the Dom Bosco quadrangle. The itabirite 
along the railroad lies unconformably on pre-Minas 
rocks in its western part, and is thrust over the Pira- 
cicaba group near its eastern end. The upper contact 
with dolomitic itabirite is well exposed along the rail­ 
road but could not be found elsewhere. The lens of 
iron-formation east of Morro Mandachuva is flanked 
by manganiferous dolomite of the Gandarela formation 
along its south margin. Manganese deposits, probably 
derived from the Gandarela formation, extend around 
each end of the lens but are not found on the north 
side, where phyllite of the Piracicaba group is in con­ 
tact with the iron-formation. The Caue itabirite west 
of Hargreaves has been thrust over rocks of the Pira­ 
cicaba group and is probably also in fault contact with 
the overlying dolomite that cuts off the iron-formation 
at Hargreaves.

6 Splash rock is an informal name given to a yellow-ochre or black 
alteration product of dolomite (Guild, 1957, p. 42).
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GANDABELA FOBMATION

The Gandarela formation was named by Dorr 
(written communication) from exposures in the Gan­ 
darela quadrangle (fig. 1). In the type section the 
formation is described as composed of massive dolomitic 
limestone with thin lentils of iron-formation and slate. 
The lower contact is said to be concordant and grada- 
tional with the Caue itabirite, and the upper contact 
is said to be disconformable with ferruginous quartzite 
of the Piracicaba group. The rocks that lie within these 
limits in the Dom Bosco quadrangle contain a much 
larger percentage of phyllite and schist than those in 
the type locality, but the same rock types are rep­ 
resented.

Distribution

The Gandarela formation is exposed in a belt that 
extends across the northern part of the Dom Bosco 
quadrangle. West of the Cidreira dolomite quarry, the 
contacts become indistinct and the absence of dolomite 
further complicates the location of the Gandarela for­ 
mation. The quartzite mapped as the upper limit of 
the formation south of Lagoa Seca is not highly ferru­ 
ginous, but must be near the base of the Piracicaba 
group.

Dolomite is abundant near Fazenda Papacobra in the 
west-central part of the quadrangle, where it is found 
associated with itabirite. Because the itabirite is inter- 
bedded with dolomite, the entire sequence is mapped as 
Gandarela formation.

A large area underlain by dolomite is found south of 
Hargreaves, and dolomite lenses are common in the 
schist and phyllite mapped as Gandarela formation 
north of the Serra do Ouro Branco and west of Morro 
do Bule. Part of the band of iron-formation west of 
Dom Bosco is dolomitic and is mapped as Gandarela 
formation. Dolomite of the Gandarela formation also 
occurs on the south edge of the itabirite lens east of 
Morro Mandachuva.

L/ith.ology

Dolomite, dolomitic itabirite, itabirite, phyllite, and 
schist make up the Gandarela formation. Quartzite is 
not common. Outcrops of green schist of possible vol­ 
canic origin were found at two localities, N. 4,800, 
E. 1,140, and N. 4,980, E. 2,500 in the Dom Bosco 
quadrangle.

The dolomite ranges in composition from nearly pure 
carbonate rock, suitable for metallurgical use, to highly 
siliceous and ferruginous varieties. Chemical analyses 
of some of the varieties are given in table 2.

With the exception of the large area of dolomite 
south of Hargreaves, the dolomite is commonly lenticu­ 
lar in outcrop. The lenses range from a few tens of

81OS.. ...............
JpggOs
MiOt.. ..............
CaO.-. -   _-_-   .-.
MgO--_ .   _ -.._- -
MnO---_-___^_____

Total.. ........

286

1.9
1.2
.7

29.6
20.4

.26
45.7

99.76

329

24.5
17.3

.3
19.2
8.4
3.1

26.9

99.7

568

20.0
3.4
.6

23.1
16.8

.06
36.0

99.96

581

2.0
5.3
.3

32.7
15.3

.70
44.0

100.3

631

7.9
9.5
1.0

27.2
8.6

10.9
34.2

99.3

733

5.4
2.8
.3

28.3
19.6

.5
43.3

100.2

Theo­ 
retical 

dolomite

30.4
21.7

47.9

100.0

TABLE 2. Dolomite analyses, Dom Bosco quadrangle, Minas
Gerais

[Analysis 329 by Cassio Pinto; remainder by Jos$ Doche both of the Departmento 
Naeional da Producao Mineral, Belo Horizonte. Analyzed September 1956]

Description:
286. White dolomite of the Piraeieaba group from the quarry at Cumbe. 
329. Dark-gray dolomite from N. 6,680, E. 8,460. Possible source rock for man­ 

ganese found in this area. 
568. Gray dolomite from N. 4,060, E. 4,320. 
581. Red dolomite from quarry at N. 5,860, E. 5,480. 
631. Nearly black dolomite near contact with itabirite at Hargreaves. 
733. Dolomite from quarry at N. 4,800, E. 240.

meters to more than a kilometer in length and are as 
much as 300 meters thick. They appear to be individual 
lenses in phyllite rather than unaltered remnants of a 
continuous dolomite bed. Alteration products of dolo­ 
mite are often found as a thin shell around massive 
dolomite, but schist can be seen around the nose of a 
dolomite lens near Morais, in the southeast corner of 
the Cachoeira do Campo quadrangle, and also near 
Alemao. Traverses across the strike beyond the ends 
of other dolomite lenses show nothing but phyllite and 
no sign of alteration products of dolomite. Only the 
massive dolomite has been mapped separately on the 
quadrangle maps except in the Fazenda Papacobra 
area, where detailed mapping by J. B. Pomerene showed 
the presence of continuous bands of dolomite or its al­ 
teration products. This is one of the areas where he 
could prove that "splash rock" is an alteration product 
of dolomite.

Massive dolomite in beds of different thicknesses and 
compositions is interbedded with some dolomitic itabi­ 
rite in a large body south of Hargreaves. Much of the 
surface is covered by black soil, but enough can be seen 
to show that dolomite is the predominant rock.

O'Rourke (written communication) was able to make 
a stratigraphic separation of the dolomites in his area 
based largely on color differences. He found white 
dolomite predominant in the lower part of the sec­ 
tion, gray dolomite in the middle, and red dolomite in 
the upper part. These three colors are present in the 
mapped area, but they are not separable; red dolomite, 
for example, is found near the base of the section at 
Morais and in the middle and upper parts of the dolo­ 
mite near Hargreaves. It is nowhere a dominant type 
but is found interbedded with older color varieties.

The nearly pure dolomite may be white, red, or gray 
and consists of interlocking grains of carbonate with 
rare quartz. Sericite or chlorite partings are common.
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The color is due to minor impurities, and O'Rourke 
(written communication), found the red was due to 
fine, disseminated hematite. The analysis of red dolo­ 
mite near Hargreaves shows a Fe2O3 content of 5.3 
percent. This is a higher percentage of iron than in the 
white dolomite but less than in the dark type. Pyrite 
and fluorite were found in dolomite float south of Har­ 
greaves and sphalerite together with various sulf osalts 
of lead were found near Morro do Bule, (Guimaraes, 
and Coelho, 1946a). A 2-centimeter band of magnetite 
was found in creamy-colored dolomite in a quarry near 
Hargreaves (N. 6,220, E. 4,800). As seen in thin section 
of a sample from the contact zone, the magnetite was 
probably detrital; quartz grains were common in the 
magnetite band and also seemed to be detrital, as there 
was no evidence of veining. Carbonate grains were also 
common in the magnetite band.

Hand specimens of siliceous dolomite are banded or 
mottled and commonly have partings of sericite or 
chlorite; biotite was found in one specimen. Thin sec­ 
tions of this dolomite show that the banding is due to 
differences in grain size. Quartz and carbonate grains, 
or carbonate alone, 0.1 to 0.5 mm in diameter, are inter- 
layered with grains 0.02 to 0.06 mm in diameter. The 
layers are crumpled and broken by small healed faults. 
Some of the quartz is found in tiny veinlets, but most 
seems to be an original constituent of the rock.

Ferruginous dolomite ranges from a dark-gray mas­ 
sive rock with disseminated magnetite to dolomitic 
itabirite in which the iron oxide may be magnetite 
and specularite. Dolomitic itabirite grades into normal 
itabirite and may contain some bands of recrystallized 
chert. Cummingtonite (?) is an abundant constituent 
of dolomitic itabirite in a band that extends eastward 
from the west edge of the Dom Bosco quadrangle along 
the Ribeirao da Colonia. The cummingtonite (?) occurs 
as needles oriented with their long axes parallel to the 
banding, and as larger individual needles as much as 3 
mm long that have no preferred orientation. Coarse 
blades of actinolite about 1 centimeter in length were 
found in dolomitic itabirite near Hargreaves (N. 6,570, 
E. 3,620). The itabirite was unusually coarsely banded 
with individual bands about 1 centimeter thick. Some 
light bands were more than 80 percent quartz with the 
remainder carbonate and magnetite; carbonate was 
abundant in the iron-rich bands.

Phyllite from the Gandarela formation is indistin­ 
guishable from phyllite in the Piracicaba group. Fresh 
rock is rarely found; only two specimens suitable for 
sectioning were found in the northern band of Gan­ 
darela formation and one southeast of Fazenda Rodeio. 
In hand specimen these rocks are greenish-gray and 
schistose with a silvery sheen on plane surfaces. Seri­

cite or chlorite is the principal mineral enclosing streaks 
and lenses of granular quartz. Fine-grained magnetite 
is widely distributed, and epidote occurs as individual 
crystals parallel to schistosity.

The weathered phyllite is red, brown, or gray and 
is characterized by a sheen 011 the schistosity planes 
that is due to sericite. Bedding in the weathered rock 
can often be distinguished by color banding, variation 
in quartz content, or variation in grain size. Bedding 
and schistosity are usually almost parallel, but may 
intersect at a high angle. The closely spaced schistosity 
surfaces may themselves be wrinkled into a series of 
closely spaced cxenulations.

Green schist of possible volcanic origin occurs in the 
Gandarela formation north of Ribeirao da Colonia. 
The rock consists of a dense dark-green matrix enclos­ 
ing magnetite crystals and biotite. In thin section, 
quartz is found to be an important constituent, forming 
15 to 30 percent of the rock. Chlorite is the predomi­ 
nant mineral, as much as 80 percent of some bands in 
the rock. The chlorite is fine grained and consists of 
oriented intergrown flakes. The quartz occurs as in­ 
dividual angular grains less than 0.1 mm in diameter 
or as thin streaks or lenticular bodies in the chlorite 
matrix. Small oval-shaped bodies flattened parallel 
to schistosity and consisting of quartz and chlorite 
could be interpreted as amygdules. Magnetite crystals 
as much as 1 mm in size are common. Biotite is found 
as flakes adjacent to and oriented parallel to the faces 
of the magnetic grains, or oriented across the schis­ 
tosity of the chlorite matrix. The random orientation 
suggests crystallization at a later date. The green- 
schist bands are only a few tens of centimeters thick 
and are of importance only in pointing out the pos­ 
sibility of volcanic activity during the time of deposi­ 
tion of the Gandarela.

Thickness and contact relations

The thickness of the Gandarela formation in the 
northern band is 200 to 250 meters. More than 400 
meters of interbedded dolomite and phyllite are found 
north of the Ribeirao da Colonia, southwest of Fazenda 
Rodeio, with neither the top nor bottom exposed. This 
section does not seem to be duplicated by folding near 
the west edge of the quadrangle. The limits of the 
formation in other areas are too indefinite to be of use 
in estimating thickness.

The basal contact of the Gandarela formation is ex­ 
posed along the Ouro Preto highway in the southeast 
corner of the Cachoeira do Campo quadrangle and in 
a railroad cut west of Dom Bosco (N. 8,280, E. 7,300) 
in the Dom Bosco quadrangle. Dolomite interbedded 
with ferruginous quartzite is found in contact with iron- 
formation at the highway exposure. The contact ap-
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pears to be unconf ormable at this point, as shown by the 
intersection of dolomite bands with the itabirite (pi. 1), 
but this could be due to faulting, as bedding seems to be 
conformable in the two formations farther west.

A mafic intrusive body is found at the contact between 
dolomitic itabirite and itabirite west of Dom Bosco. 
The bedding is crumpled but seems to be nearly con­ 
formable on either side of the intrusive mass.

The dolomite south of Hargreaves is probably in fault 
contact with the underlying itabirite, as the itabirite 
wedges out rapidly on the north side of the dolomite 
(see pi. 2).

The upper contact of the Gandarela formation is not 
exposed in the mapped area. J. B. Pomerene (written 
communication) and J. E. Gair (written communica­ 
tion) found a disconformity between the Gandarela 
formation and Piracicaba group, marked by a conglom­ 
erate at the base of the Piracicaba group. This con­ 
glomerate could not be found in the Dom Bosco quad­ 
rangle, so the contact was placed at the lowermost bed 
of ferruginous quartzite. Owing to .poor exposures and 
the lenticular nature of the quartzite, the contact in the 
northern point of the quadrangle could not be accur­ 
ately located. Still less information was available in 
the southern half of the quadrangle, as the ferruginous 
quartzite becomes even more sporadic in its occurrence. 
The contact was mapped at the base of the massive 
quartzite lenses above the uppermost dolomite lens. 
Dolomite is absent east of Morro do Bule; therefore, the 
entire sequence above the quartzite of the Caraga (?) 
group was mapped as Piracicaba group. The sec­ 
tion between the quartzite and the massive quartzite 
lenses in the Piracicaba group could well be the Gand­ 
arela formation.

PIRACICABA GROUP

The Piracicaba group is the uppermost group of 
rocks in the Minas series. The name Piracicaba for­ 
mation was used by Harder and Chamberlin (1915, p. 
362) for the rocks lying above the Itabira group and 
below the Itacolumi series. The dolomitic rocks at 
the base of the Piracicaba have been placed in the Ita­ 
bira group, and J. B. Pomerene (written communica­ 
tion) has been able to separate the rocks overlying the 
dolomite into several formations; so the Piracicaba unit 
has been given group status by Dorr and others (1957), 
as shown in table 1.

No way was found to delineate the separate forma­ 
tions of the Piracicaba group in the mapped area. 
Rocks similar to the types described by Dorr and others 
(1957, p. 29) occur, but no clearly denned continuous 
lithologic units were found to differentiate the forma­ 
tions in the field. The Piracicaba group is thus shown 
as one unit on the geologic map, and some of the quartz­

ite units are shown separately to indicate the structure. 
Dolomite outcrops of possible economic interest as well 
as one large area of siliceous dolomite are also shown 
on plate 2. In the quadrangles mapped, the rocks of 
the Piracicaba group are found only in the Dom Bosco 
quadrangle, where they underlie about 40 percent of the 
area.

LITHOLOGY

The predominant rock type in the Piracicaba group 
is phyllite, and the minor constituents are graphitic 
schist, quartzite, ferruginous quartzite, and dolomite. 
Unweathered rock is rare; the weathered phyllites 
are usually various shades of red but may be gray, sil­ 
very gray, yellow, ochre, or brown. The color is due to 
the oxidation of the iron in magnetite, chlorite, or 
chloritoid in the fresh phyllite. Octahedra of martite 
or magnetite 2 to 3 mm in diameter are abundant in 
some beds. The phyllite grades into metamorphosed 
siltstone with an increase in grain size, but both rocks 
are characterized by abundant oriented sericite that 
gives a sheen to the surface of schistosity planes. As 
the volume of micaceous minerals decreases, the rock 
becomes less fissile and breaks with a hackly fracture.

The schistosity planes are closely spaced, generally 
0.2 mm or less apart. They are commonly parallel to, 
or lie within a few degrees of, the bedding planes but 
locally may cut the bedding at high angles. In many 
places the schistosity planes are crumpled by small 
subparallel wrinkles formed by cross folding or by frac­ 
ture cleavage. The wrinkles are spaced about 1 mm 
apart and may be several centimeters long. Wrinkling 
produced by fracture cleavage is more regular than that 
produced by cross folding but is of the same order 
of magnitude.

The bedding is commonly masked by the schistosity 
but may be dominant, so that the weathered rock re­ 
sembles shale. Bedding can be distinguished by color 
banding or by differences in grain size or lithology. 
Most phyllite is thin bedded, and individual beds are 
as much as 1 centimeter thick. This thin bedding may 
be masked in weathered material, but bedding may then 
be shown by color banding on a larger scale or by 
intercalation of other rock types.

The dominant minerals, as seen in the few thin sec­ 
tions of fresh phyllite and green schist studied, are 
quartz, sericite, and chlorite. The fresh rock is gray 
green to green depending on the amount of chlorite 
present. The ratio of quartz to micaceous minerals 
ranges from 1:1 to 1:5, with the minerals usually 
separated into quartz-rich bands and micaceous bands. 
The rocks are fine grained; the quartz grains are gen­ 
erally less than 0.1 mm in diameter in the phyllite and 
increasing to 0.2 mm in the green schist of higher meta-
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morphic grade. Few sericite and chlorite flakes are 
more than 0.15 mm long. Chloritoid is a common acces­ 
sory mineral and makes up about 40 percent of one thin 
section. It occurs as tabular porphyroblasts 0.2 to 0.5 
mm in length and is not well oriented with respect to 
the schistosity. Epidote is not a common accessory min­ 
eral but may be locally abundant. Other accessory 
minerals are magnetite, apatite, sphene, tourmaline and 
zoisite(?). Sphene and tourmaline are more common 
in the green schist; the sphene may be recrystallized, but 
the tourmaline seems to be detrital. A mineral that 
was either biotite or stilpnomelane was found in one 
section of green schist.

Kyanite occurs locally in phyllite as radiating clus­ 
ters of crystals on schistosity planes (fig. 6), but it is 
generally near quartz veins containing coarse kyanite 
of hydrothermal origin. The kyanite in the foliation 
planes of the phyllite is therefore believed to be related 
to this hydrothermal activity rather than to a high grade 
of metamorphism.

FIGURE 6. Hand specimen of gray phyllite with radiating clusters of 
kyanite crystals on schistosity planes. Scale is in millimeters.

Graphite-bearing schist and phyllite are found 
throughout the Piracicaba group but are most abundant 
in the upper part of the section near Morro do Cax- 
ambti. The weathered rock is dark gray to black. Some 
varieties are very fine grained and shaly; others are 
more schistose. The schistose varieties may have a 
dark-reddish tinge on the surface of the schistosity 
planes.

Quartzite is common in the rocks of the Piracicaba 
group. The quartzite units seldom exceed 30 meters in 
thickness in the northern part of the Dom Bosco quad­ 
rangle, but in the southern half of the quadrangle lenses 
may be more than 100 meters thick and as much as 1 
kilometer long. The quartzite is white to light gray 
and variable in both texture and composition. It ranges

from fine to coarse grained. Many outcrops are com­ 
posed of massive quartzite with no evidence of bedding, 
but others are well bedded and may be laminated with 
sericite partings. Sericite may be so abundant that the 
rock grades into a quartz-sericite schist similar to units 
of the Caraga group, but as a rule sericite is a minor con­ 
stituent and is found as scattered flakes in the quartzite. 
Green chloritoid-bearing quartzite may be present on 
the margins of quartzite lenses or intertongued with 
white quartzite (fig. 7).

FIGURE 7. Hand specimen of quartzite of the Piracicaba group show­ 
ing green chloritoid-rich quartzite intertongued with white quartzite. 
Scale is in millimeters.

Thin sections of the chloritoid-rich quartzite or of 
chloritoid-quartz schist show the rock consists almost 
entirely of quartz and chloritoid. The chloritoid occurs 
as poorly oriented plates 1 millimeter in length. The 
chloritoid is weakly to strongly pleochroic and has 
strong dispersion and inclined extinction. Inclusions 
are abundant in the chloritoid, but the hour-glass ar­ 
rangement of inclusions was not found. Tourmaline 
was an abundant accessory in one thin section of quartz- 
chloritoid rock.

Ferruginous quartzite is found as thin but continuous 
bands in the phyllites of the Piracicaba group and as 
thin beds in the quartzite lenses. A distinctive horizon 
of ferruginous quartzite with associated silver-colored 
phyllite could be traced nearly continuously from the 
Cachoeira do Campo-Dom Bosco road (N. 12,140, E. 
9,420) westward for about 7 kilometers to the vicinity 
of Lagoa. Eastward, beyond a gap of about 1,200 
meters, a similar band was found at about the same 
stratigraphic horizon and could be traced to the north­ 
east corner of the quadrangle. A roughly parallel band 
that could also be at the same stratigraphic horizon 
was traced from the south flank of Morro do Caxambti 
eastward to the north flank of Serra do Rodrigo Silva.
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Other bands found south and west of Lagoa may also 
be at the same horizon. Ferruginous quartzite borders 
the southern edge of the steeply dipping quartzite south 
of Fazenda Papacobra and the southern edge of the 
quartzite band that crops out along the railroad west of 
Hargreaves. The quartzite lenses in the southern half 
of the Dom Bosco quadrangle contain minor amounts of 
ferruginous quartzite but seldom enough to be shown 
on the map. The thickest exposures are near the east 
side of the quadrangle (N. 2,700, E. 12,560).

Ferruginous quartzite is silvery where the iron min­ 
eral is specularite and dark gray where magnetite is 
dominant. The rock is composed of clastic sediment 
with the iron minerals either disseminated through the 
quartzite or coarsely banded with iron-rich and iron- 
poor bands; the mineral separation is not as clean or 
the bands as thin as in itabirite. Abundant rounded 
granules of quartz, in a matrix of fine-grained ferru­ 
ginous quartzite are found in the northern part of the 
Dom Bosco quadrangle, and similar material is found 
south of Fazenda Papacobra. The granule-bearing fer­ 
ruginous quartzite seems too widespread to be of value 
in correlation.

Small lenses of dolomite are interbedded with phyl- 
lite in the area between Cumbe and Morro do Caxambu, 
and isolated lenses crop out at the following locations 
in the Dom Bosco quadrangle: N. 10,060, E. 240; N. 
7,640, E. 5,240; N. 10,820, E. 3,940; and at Agua Fria 
and Pasto da Rosa near the east edge of the quadrangle. 
A large body of siliceous dolomite near Morro Manda- 
chuva is also mapped as Piracicaba.

The dolomites are white, red, or gray depending on 
the amount and type of purity. Color banding is well 
marked at some exposures, as at Cumbe (Guild, 1957, 
p. 16, fig. 7), and on a smaller scale at Pasto da Rosa 
where 1- to 2-mm bands of alternating brown and white 
carbonate are found.

Partings of sericite are common in the dolomite, and 
quartz is a minor constituent of some lenses. A speci­ 
men from the Pasto da Rosa quarry contains scattered 
amphibole crystals in the brown carbonate layers. Some 
of the carbonate beds are nearly pure dolomite; an 
analysis of white carbonate rock from the Cumbe quar­ 
ries given in table 2 shows a carbonate content of 96 
percent with a CaOrMgO ratio nearly that of pure 
dolomite.

A siliceous dolomite lens was found on the south flank 
of Morro Mandachuva. The rock is dark gray with 
small-scale color banding that seems to be due to differ­ 
ences in grain size. As seen in thin section, the rock is 
made up of a quartz-carbonate aggregate with about 
10 percent pale-brown mica, possibly phlogopite. Mag­

netite, pyrite, and sphene are accessory minerals. The 
grain size ranges from 0.05 to 0.1 mm. The lens is en­ 
closed in phyllite and was mapped as part of the 
Piracicaba group.

Fresh graywacke that is probably part of the upper 
Piracicaba group crops out about 1,600 meters south of 
Cumbe (N. 8,590, E. 6,410) on the north flank of the 
high central ridge of the Dom Bosco quadrangle. The 
graywacke overlies a weathered fragmental rock con­ 
sisting of phyllite and quartz fragments in a claylike 
matrix that in turn overlies graphitic phyllite. This 
same sequence was found in the Belo Horizonte quad­ 
rangle, where the graywacke was mapped as part of the 
Sabara formation (Gair, written communication). 
Only the one exposure was found in the Dom Bosco 
quadrangle.

The graywacke is a medium-gray slightly foliated 
rock speckled with numerous lenticular grains of white 
quartz and fragments of dark-gray phyllite. As seen 
in thin section, the rock is composed of about 50 percent 
quartz, 25 percent chlorite and sericite, 10 percent 
slightly altered plagioclase (albite-oligoclase), and 10 
percent carbonate. Magnetite, zircon, tourmaline, and 
apatite are accessory minerals. The carbonate occurs 
both as anhedral grains and as euhedral crystals with 
limonite-stained borders.

Thickness and contact relations

A thickness of from 1,000 to 2,000 meters is indicated 
for the rocks of the Piracicaba group. The rocks are 
tightly folded, and faulting is probably more common 
than is shown on the map (pi. 1).

Discontinuity of rock types in the Piracicaba group 
gives rise to uncertainty in stratigraphic interpretation. 
For example, lenses at Agua Fria and Pasto da Rosa 
are mapped with the Piracicaba group because they are 
found in phyllites with no nearby iron-formation. 
These lenses are similar to other outcrops of dolomite 
found farther east and are believed to be in the Piraci­ 
caba group (A. L. M. Barbosa, oral communication). 
Inspection of the map (pi. 2), however, shows a bend 
in the structure that is marked by the change in direc­ 
tion of the ridge between Alto da Figueira and Serra 
do Rodrigo Silva and by the change in strike of the 
quartzite beds 011 the north flank of the ridge. The 
itabirite and dolomitic itabirite of the Caue and 
Gandarela formations south of Dom Bosco could not be 
traced eastward to the Alto da Figueira, but the strati- 
graphic horizon may continue. If so, and if the bend 
in the structure is considered, the dolomite lenses at 
Agua Fria and Pasto da Rosa could be part of the 
Gandarela formation. A little float of iron-formation 
found near Agua Fria tends to support this interpreta-
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tion; but no outcrop could be found, and the entire south 
side of the ridge is underlain by schist and phyllite.

The contact of the rocks of the Piracicaba group with 
older rocks is not well defined. The continuous band 
of ferruginous quartzite that crops out near the north­ 
ern contact with the Gaiidarela formation is found at 
different distances from the contact, which suggests a 
disconformable relation. This is in accord with the 
findings of J. B. Pomerene (written communication) 
and Gair (written communication). East of Dores da 
Belavista, phyllite is found lying on quartzite that was 
mapped as the Caraca( ?) group. Except for surficial 
deposits and intrusive rocks, the Piracicaba group is 
the youngest stratigraphic unit in the area.

INTRUSIVE HOCKS

Dikes and sills of felsic, mafic, and ultramafic igneous 
rocks have intruded the sedimentary sequence, and f el­ 
sic rocks make up a large part of a batholith in the 
northern part of the mapped area. The mafic rocks have 
been metamorphosed to amphibolite and the ultramafic 
rocks to talc schist.

Fresh rock is not abundant; the mafic rocks are nearly 
everywhere completely altered to saprolite at the out­ 
crop. The mafic rocks break down to a distinctive 
reddish-brown soil that is useful in showing the loca­ 
tion of the rock between outcrops.

ITABIRITO BATHOLITH

The name "Itabirito batholith" will be used in this 
report as a descriptive term for the large mass of 
gneissic rock that underlies the greater part of the 
Cachoeira do Campo quadrangle and that extends into 
adjacent quadrangle on all sides. The name has been 
used as a field term for convenience but is not proposed 
as a formal name. Itabirito is a town near the north­ 
western edge of the batholith in the Itabirito quad­ 
rangle (fig. 1).

Nearly all rocks of the Itabirito batholith are gneiss 
and include both granitic orthogneiss and banded 
biotite-rich paragneiss that probably represents 
granitized sedimentary rock. Pegmatite dikes, mafic 
dikes, and lenses of biotite-garnet schist are found in the 
batholith; and pendants of low- to medium-grade schist, 
probably part of the Rio das Velhas series, cover small 
areas (pi. 1). The gneiss is deeply weathered over large 
areas, but the textures may be preserved in saprolite. 
A few outcrops of domelike masses of fresh rock may be 
as much as 400 meters in diameter. Deep gullies develop 
readily in the weathered gneiss and are useful in giving 
a three-dimensional picture of the structure. All out­ 
crops of massive gneiss found in the course of field 
mapping, as well as the saprolite found in gullies, are 
shown by a distinctive pattern on the maps (pis. 1, 2).

Owing to the limited and widely scattered exposures 
of gneiss, it was not possible to make a detailed dif­ 
ferentiation between the orthogneiss and paragneiss. 
Figure 8 shows the very generalized distribution of the 
two types, based on outcrops and soil color. The soil 
over granitic gneiss is lighter colored than that formed 
over biotite-rich gneiss.

PETROGRAPHY

The orthogneiss is a medium-grained granitic rock 
with a low percentage of biotite. The biotite flakes may 
be unoriented, but most show some alinement. Quartz, 
plagioclase, and microcline are the main constituents of 
this rock. Porphyritic gneiss, with microcline or ortho- 
clase crystals as much as 1.5 centimeters in length, is 
found but does not seem to be abundant. Outcrops of 
this porphyritic gneiss were found at N. 5,140, E. 2,350; 
N. 3,270, E. 12,500; and N. 1,480, E. 11,920 in the Cacho­ 
eira do Campo quadrangle, and N. 13,480, E. 2,62,0 in the 
Dom Bosco quadrangle.

The modes of three specimens of granodiorite gneiss 
are shown in table 3 together with two modes, numbers 
4 and 5, published by Guild (1957, p. 27, No. 5; p. 10, 
No. 2). Number 4 is from the Itabirito batholith, and 
number 5 is from the "basement complex" farther south. 
Mode 2 has a relatively high biotite content, but has a 
granitic aspect; the biotite occurs as scattered unori­ 
ented flakes. The rocks of the Itabirito batholith are 
very similar in mode to gneissic granodiorites from the 
Scandinavian area listed in Johannsen's tables (1932, 
v. 2, table 173, p. 337-339).

TABLE 3. Modes of granodiorite gneiss and banded gneiss 
from the Itabirito batholith and the basement complex

[Percentages, except for numbers 4 and 5, are based on 700-800 point counts in each 
thin section, x indicates presence of mineral]

Biotite--          -   ---

EpMote.-   ------------ .--

Chlorite  --------------------

1

34.0
9.4

50.0
5.6

X
X

X

2

26.0
6.1

56.0
11.5

3

31.0
25.7
33.8
6.7
2.8

4

25.1
11.7
53.5
5.8
3.9

5

30
31
36
1.5
1

6

21.4
10.0
54.2
10.3
1.0
X

X

7

26.4
10.3
46.8
10.1
3.3

3.0

X

8

13.7
11.6
37.4
25.8
3.5

X

X

X

Specimen locations:
1. N. 4,200, E. 7,460, Cachoeira do Campo quadrangle.
2. N. 2,560, E. 9,040, Cachoeira do Campo quadrangle.
3. N. 12,300, E. 3,410, Dom Bosco quadrangle.
4. Northeast corner, Sao Juliao quadrangle, P. W. Guild (1957, p. 27, No. 5).
5. Basement complex, P. W. Guild (1957, p. 10, No. 2).
6. N. 5,920, E. 5,360, Cachoeira do Campo quadrangle.
7. N. 5,860, E. 5,950, Cachoeira do Campo quadrangle.
8. N. 1,060, E. 11,910, Cachoeira do Campo quadrangle.

As seen in thin section, the quartz and oligoclase 
grains are as much as 1.5 mm in diameter, and the biotite 
and microcline are as much as 0.5 millimeter. The 
quartz grains are rounded and embayed, and blebs of
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FIGURE 8. Sketch map of a part of the Itabirito batholith showing the approximate distribution of orthogneiss and paragneiss.

quartz are found enclosed in feldspar (fig. 9). Oligo- 
clase may show multiple twinning, but only of the al- 
bite type. Clinozoisite has begun to form in the plagio- 
clase. Microcline is fresh and shows multiple twinning 
in two directions. It occurs interstitially between the

larger grains of quartz and plagioclase. Biotite is 
brown, much of it with a greenish tinge, and is strongly 
pleochroic. The flakes are small, but most are well 
defined, although shreds and irregular patches of this 
mineral may be present. Accessory minerals are rare,
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FIGURE 9. Photomicrograph of granodiorite gneiss showing rounded quartz blebs in feldspar b, biotite; m, microcline 
P, plagioclase; q, quartz. Crossed nicols, X 50.

in the magnitude of less than 10 grains to a section. 
They include apatite, muscovite, zircon, tourmaline, 
sphene, and garnet. Minerals of secondary origin in­ 
clude the epidote group, chlorite, and at least part of 
the muscovite.

The banded gneiss contains a higher percentage of 
biotite and is marked by the segregation of the biotite 
and the light minerals into definite bands. A complete 
gradation exists between granodiorite gneiss and bio- 
tite-rich banded gneiss. The banded gneiss seems to 
grade into migmatites and granitized sediments. 
Crosscutting relations between the two types of gneiss 
and dikes of granodiorite cutting the schist bodies in 
the gneiss, show that at least part of the gneiss is 
intrusive.

The modes of two banded gneisses, numbers 7 and 
8, and a gneiss with oriented biotite flakes, number 6, 
are included in table 3. A sample from the same local­ 
ity as specimen 6 was analyzed in the Geological 
Survey laboratories by P. L. D. Elmore and S. D. Botts, 
using methods of rapid rock analysis similar to those 
described by Shapiro and Brannock in U.S. Geol. Sur­ 
vey Bulletin 1036-C. The results were as follows:

Constituent 
SiO2 _

Percent Constituent

Fe2O3 
FeO 
MgO 
CaO

72.0
15.6

.3
1.3
.56 

2.1

K2O
TiO2
P20S
MnO
H20
C02 _

Percent
_ 2.8
_ .24
_ .05
_ .04
_ .42
_ .21

Na2O ________ 4.6

Modes 6 and 7 have a slightly higher biotite content 
than most of the granodiorite gneiss, but no higher 
than mode 2, a rock with a typical granitic texture. 
Mode 7 is a distinctly banded rock with good separa­ 
tion of the biotite into zones 1 mm in thickness sepa­ 
rated by 2 to 3 mm of biotite-poor material. Mode 
8 is probably representative of the biotite-rich gneiss. 
The quartz-feldspar grains in this specimen are 
crushed, and the foliation is more irregular than in the 
other paragneiss.

Lenses of garnet-bearing biotite-amphibole schist 
occur in two areas within the Itabirito batholith, one 
about 1,500 meters northeast of Cachoeira do Campo 
and the other about 1,600 meters west of the town. A 
thin section of a specimen from the first locality is 
made up of aggregates of quartz and andesine sepa-
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rated by biotite-cummingtonite( ?) layers and contains 
garnet porphyroblasts. The rock is coarse grained  
the quartz and andesine grains about 1 mm in diameter 
and the biotite and cummingtonite(?) 2 to 3 mm in 
longest dimension. The garnet grains are as much as 
2 centimeters in diameter; they have a sieve texture 
and include fragments of the other minerals. Apatite, 
magnetite, and sphene are accessory minerals. Larger 
garnet grains, which are up to 7 centimeters in di­ 
ameter and contain abundant inclusions, are found in 
the schist lens west of Cachoeira do Campo.

The lenses described in the preceding paragraph are 
coarser grained than the schists that border the bath- 
olith on the east, but their mineralogy is the same; 
therefore, they may represent engulfed masses of pre- 
Minas rocks that were maintained at a very high tem­ 
perature for a longer period of time.

AGE AND CONTACT RELATIONS

The relative ages of the various granitic gneiss 
masses in the Quadrilatero Ferrifero are of funda­ 
mental importance in deciphering the geologic history 
of the region. Granodiorite of the Itabirito batholith 
is known to intrude rocks of the Minas series in the Sao 
Juliao quadrangle (Guild, 1957, p. 27), but only rocks 
of the Rio das Velhas series have been intruded and 
metamorphosed by the rocks of the batholith in the 
area described in this report.

Mention has been made of the thin but continuous 
belt of pre-Minas schist along the southern margin of 
the batholith. Garnet and staurolite( ?) formed in the 
schist, owing to contact metamorphism, but the schist 
of the Batatal formation at an equal distance from the 
contact with the batholith shows no contact effects. 
That the garnet was formed by contact metamorphism 
and not by regional metamorphism of the Rio das 
Velhas series is indicated along the east border of the 
batholith where zones of amphibolite and garnet- 
amphibole schist are found parallel and close to the 
contact, with low-grade schist found farther away.

A migmatite zone as much as 30 meters in width 
occurs between the gneiss and schist along the southern 
margin of the batholith. The migmatite is composed 
of 2- to 3-mm layers of schist interlayered with thin 
streaks of granitic material. The layers are not highly 
crumpled along the contact, in contrast to contorted 
migmatite found within the batholith. The migmatite 
fades out into the gneiss but is in sharp contact with 
the schist; the contact shown on the map is that be­ 
tween migmatite and schist. Pegmatite dikes that 
contain coarse muscovite and black tourmaline are com­ 
mon along the contact both in the migmatite and in the 
schist. The biotite-rich banded gneiss that is wide­

spread in the southern part of the batholith may well 
be granitized parts of the Nova Lima group.

The contact metamorphism of the pre-Minas rocks 
adjacent to the batholith is the strongest argument that 
at least part of the mass is intrusive. 'Supporting evi­ 
dence is the presence of a granitic dike cutting a small 
schist pendant, probably part of the Rio das Velhas 
series, north of Amarantina (fig. 10).

FIGURE 10. Granitic dikes cutting red-weathering schist of probable 
pre-Minas age north of Amarantina. Granite, gn; schist, sch.

Heavy minerals were separated by panning three 
samples of saprolite derived from granitic and banded 
gneiss in the Cachoeira do Campo quadrangle. Sam­ 
ples were taken. from a granitic dike intruding an 
isolated mass of pre-Minas schist at N. 10,580, E. 3,580, 
and from granitic and banded gneiss at N. 4,200, E. 
11,820. The work was done as a preliminary test to 
see if any differences could be found between the granitic 
rocks and to compare these samples with those taken 
in Belo Horizonte and from near Brumadinho.

Monazite was an abundant constituent of the heavy 
minerals from the dike that cut pre-Minas schist but was 
rare or absent in the samples from the Belo Horizonte 
gneiss. The monazite i the granitic dike consisted of 
small angular grains. Xenotime was found in the 
banded gneiss as coarse doubly terminated flattened pyr­ 
amids. Rutile was found in the banded gneiss but not 
in the other samples from the batholith. Tiny laths 
of zircon (?), some with reddish-brown cores and white 
opaque borders, and others completely altered to the 
white material were found in most samples but in vary­ 
ing amounts. The sample from near Brumadinho was 
characterized by an almost complete lack of heavy min­ 
erals. The above minerals were all from weathered 
gneiss and so were unsuitable for age determinations.

Time did not permit a detailed study of heavy-min­ 
eral suites in the area, but the problem should be investi-
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gated further as significant differences were found in 
both varieties and forms of the heavy minerals.

DIKE ROCKS

GRANITIC BIKES

Granodiorite intrusive rocks, both dikes and small ir­ 
regular bodies, are abundant in the green-schist and 
granodiorite complex in the Ouro Branco quadrangle 
and in the wedge of pre-Minas rocks in the southeast 
corner of the Dom Bosco quadrangle. Fresh rock was 
not found, but the dikes are probably similar to those 
described by Guild (1957, p. 27) found in the complex in 
his area.

Granitic dikes as much as 10 meters wide and a few 
hundred meters long occur in sericitic quartzite of the 
Caraga( ?) group east of Morro do Gabriel in the Dom 
Bosco quadrangle at N. 6,280, E. 9,970; N. 6,200, E. 
9,540; and N. 4,730, E. 9,740. The dike rock has weath­ 
ered to saprolite and resembles saprolite derived from 
granodiorite gneiss of the Itabirito batholith.

Saprolite derived from granitic dikes or from fine­ 
grained pegmatite dikes occurs in phyllite north of 
Morro do Bule (N. 4,500, E. 7,600). These dikes, to­ 
gether with a few outcrops of quartz-tourmaline rock 
found in the saddle west of Morro do Bule and in the 
valley and ridge to the east, are the only granitic or 
pegmatitic rocks found by the writer in the rocks of the 
Piracicaba group in the mapped area.

Fresh porphyritic rock crops out at N. 3,220, E. 
10,020; and N. 5,120, E. 12,740 in the Dom Bosco quad­ 
rangle. The exposure at the first locality is irregular in 
outline, and the mass at the second locality is tabular. 
In thin section the porphyritic rock was seen to consist 
of porphyroblasts of perthite, up to 1 centimeter in 
length, in a groundmass of quartz, andesine (An 30_4o), 
and muscovite. The perthite is tabular but anhedral 
with ragged borders, and it contains abundant inclu­ 
sions of the other minerals. Part of the quartz and 
muscovite occurs as unaltered remnants of the original 
rock, a quartz-sericite schist. Quartz layers 1 to 2 mm 
thick are separated by sericite partings as much as 0.5 
mm thick. In other parts of the thin section, the quartz 
is crushed, and the sericite partings are frayed and 
broken. Andesine is found in the crushed areas as 
twinned and zoned angular crystals that are also broken. 
The perthite porphyroblasts formed later and replaced 
or grew around the other minerals. Sericite layers can 
be seen extending through perthite crystals with no evi­ 
dence of thinning or replacement by the sericite. Bio- 
tite was found in one thin section; some flakes were 
oriented parallel to the sericite, but most were of ran­ 
dom orientation. The rocks may represent an example 
of alkali metasomatism in quartz-sericite schist (Turner
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Amphibolite dikes are common in the gneiss of the 
Itabirito batholith, particularly in the northern part 
of the Cachoeira do Campo quadrangle, where they crop 
out as lines of exfoliated boulders with weathered rims 
and fresh cores. Some dikes can be traced as much as a 
kilometer, but most are covered with soil and cannot be 
traced for more than a few tens of meters. Scattered 
outcrops of amphibolite connected by bands of reddish- 
brown soil were mapped as continuous dikes.

Few mafic intrusive rocks intrude the Minas series 
above the quartzite of the Caraca group, but they may 
be more abundant than shown on the map. Several 
dikes were found in railroad cuts; therefore, there is 
no reason to suppose they are not present below soil 
cover elsewhere. The dikes intruding the Minas series 
are now saprolite, but they are unf oliated and may well 
correlate with the post-Minas diabase described by Dorr 
(written communication).

Many mafic dikes intrude the quartzite east of Morro 
do Gabriel, and a conspicious dike cuts the Ouro Branco 
massif. This dike can be clearly seen on aerial photo­ 
graphs and extends from near the Ribeirao da Colonia 
at the west end of the range nearly to the east edge of 
the Ouro Branco quadrangle. The dike is marked by a 
reddish-brown soil band 60 to 80 meters wide that fills 
a linear depression in the white quartzite. The de­ 
pression contains trees near cross-cutting streams and 
gullies, in contrast to the quartzite which is only cov­ 
ered by brush.

Mafic dikes are common in the green schist south of 
the Serra do Ouro Branco. Many of them are alined 
with N. 60° W. strike. Larger gabbroic bodies appear 
about 1 kilometer south of the south boundary of the 
Ouro Branco quadrangle. Soil formed over these 
masses is more fertile than that formed over the ad­ 
joining schist and has been found particularly favorable 
for growing potatoes. The rough outlines of the intru­ 
sive bodies are indicated by the areas that have been 
cleared for planting. A dike just south of the mapped 
area is characterized by an abundance of large white 
plagioclase crystals in a greenish-black groundmass 
(fig. 11). The feldspar is almost completely altered 
to an aggregate of clinozoisite grains with interstitial 
albite. The groundmass consists of plagioclase, biotite 
and hornblende, partly altered to chlorite. The biotite 
forms a rim of small flakes around the large plagioclase 
crystals and is also scattered throughout the 
groundmass.

Pluglike mafic intrusive masses a few tens of meters 
in diameter crop out in the Dom Bosco quadrangle at 
N. 12,540, E. 4,000 and N. 6,420, E. 12,280. Fresh rock 
from the first locality is identical in appearance with 
the previously described dikes, and saprolite from the

second locality has comparable amphibolite texture. A 
small mafic intrusive mass in the Cachoeira do Campo 
quadrangle (N. 5,830, E. 10,530) contains abundant talc 
and acicular amphibole and is derived from a more 
mafic parent rock.

SUBFICIAL DEPOSITS

Talus, laterite, canga, and alluvium are the principal 
types of surficial material in the mapped area. Talus 
is abundant only along the base of the Ouro Branco 
scarp, where it forms a narrow apron and many talus 
cones. Keworked talus forms a broad belt that may 
extend as far as 1 kilometer from the scarp. Quartzite 
blocks in the talus and reworked material are as large 
as 6 meters in exposed diameter, but most blocks meas­ 
ure less than 1 meter across. The rock breaks down 
readily to quartz sand. Large blocks may be found, 
singly or in groups, at a distance of several hundred 
meters from the scarp; erratic bedding in the blocks 
helps to distinguish them from quartzite in place. The 
Ouro Branco quartzite is cut by several sets of joints 
that facilitate the spalling off of the blocks. Masses of 
quartzite of great size have apparently broken away 
from the cliff face because streams draining the face 
disappear partway down the cliff; they probably drain 
off through the talus cones into adjacent gullies.

Lateritic soil is widespread, but was not mapped 
separately. The largest continuous areas of lateritic 
soil are in the Ouro Branco quadrangle where the low, 
rolling topography is favorable for soil development. 
Lateritic soil is also well developed in the Cachoeira do 
Campo quadrangle; many gullies in the weathered 
gneiss show a thickness of 3 to 4 meters of red or brown 
lateritic soil lying on saprolite. Laterite in the valley 
bottoms and lower elevations is soft, but on ridge crests 
or benches marking old erosion surfaces it is hard and 
resistant to erosion.

Hardened or indurated laterite consisting of red clay, 
with included quartz grains, and which may contain 
spots of white clay, has been given the field name of 
mudstone. The largest and best exposure of mudstone 
in the mapped area is crossed by the road to the Cumbe 
dolomite quarry and is northwest of Morro do Caxambii 
(pi. 2). This exposure has been described by Guild 
(1957 p. 43), who thought it was a probable alteration 
product of dolomite. The mudstone wedges out down­ 
ward and also caps an adjacent ridge to the west. The 
contact with the enclosing phyllite is sharp and angular 
fragments of phyllite are found in the mudstone ad­ 
jacent to the contact. It therefore appears to the writer 
to be transported material, possibly filling an old 
channel. A smaller area of mudstone south of Morro 
do Caxambu (N. 9,540, E. 8,580) is better exposed and
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FIGURE 11. Mafic dike rock with large altered plagioclase crystals.

also seems to be channel fill. Fresh dolomite crops out 
near the mudstone and some weathering product of the 
dolomite may have acted as a hardening agent, but it 
seems unlikely that the mudstone is a direct alteration 
product of dolomite in this area. The white clay in the 
mudstone forms worm-shaped growths and seems to 
be due to alteration of the red clay, as described by 
Guild (1957,p.43).

Canga is the local name given to a hard surficial 
capping mostly on areas underlain by iron-formation, 
or downslope from iron-formation. Canga is composed 
of fragments of iron-formation cemented by hydrated 
iron oxides. Various types of canga have been de­ 
scribed by Dorr (written communication). The classi­ 
fication is based on differences in source material (that 
is, hard ore or itabirite) and whether the material is 
residual or transported. Canga is poorly developed 
in the mapped area. It is widespread in some parts 
of the Quadrilatero Ferrifero and is an important 
source of ore in places.

Areas of canga large enough to show on the geologic 
map are along the central ridge in the Dom Bosco 
quadrangle west of Dom Bosco, south of the ridge at 
N. 8,000, E. 5,240, in the Fazenda Papacobra area, and 
in the valley at the west end of the itabirite lens east 
of Morro Mandachuva. The largest masses of canga 
occur on gentle slopes and over thick sections of ita­ 
birite. From this it is assumed that such a combina­ 
tion of source material and topography is necessary 
for optimum development of canga. Neither of these 
conditions is fulfilled in most parts of the Dom Bosco 
quadrangle and hence may explain the scarcity of canga 
in the area.

Alluvium and terrace gravels are found along the 
larger streams but are not shown on the maps. Gold- 
bearing gravels cemented by limonite occur along the 
Ribeirao da Colonia north of the Serra do Ouro Branco 
in the western part of the Dom Bosco quadrangle. The 
gravels were deposited behind a barrier formed by the 
quartzites at the western end of the range. The Serra 
is now breached by a narrow gorge, and the gravels are 
10 to 20 meters above the present stream level. Terrace 
gravels south of the Serra along Ribeirao Ouro Branco 
and Ribeirao Agua Limpa have also been mined for 
gold. The remains of old placers along the Ribeirao 
Tabuoes on the east edge of the Cachoeira do Campo 
quadrangle are in terrace gravels 10 to 20 meters above 
the level of the stream.

METAMOBPHISM

Most mineral assemblages in the sedimentary rocks 
described in preceding parts of this report are char­ 
acteristic of metamorphic rocks of the lower grades 
in the f acies classification; 6 that is, the green schist 
and albite-epidote- amphibolite f acies; this corresponds 
to the chlorite and biotite zones of regional metamor- 
phism. The physical-chemical conditions of the am­ 
phibolite facies were reached in the contact aureole 
of the Itabirito batholith, and within the batholith.

With the exception of the dolomite and iron-forma­ 
tion, the sedimentary rocks of the mapped area are 
characterized by the ubiquitous quartz-sericite-chlorite 
mineral assemblage. This assemblage is found in the 
phyllite of the Piracicaba group in the northern part of 
the Dom Bosco quadrangle and in the green schist that

8 The facies classification of metamorphic rocks proposed by Eskola 
(1920) and expanded by Turner (1948) will be followed in this report.
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FIGURE 12. Complex crumpling in dolomite at the Cumbe quarries.

crops out along the Corrego da Cachoeira in the south­ 
east part of the quadrangle. The green schist has a 
slightly coarser grain size and may represent a slightly 
higher metamorphic grade, possibly reaching conditions 
found in the albite-epidote-amphibolite facies. The 
epidote and chloritoid in the phyllite is also indicative 
of low metamorphic grade. In the mapped area, no 
albite was found in phyllite and green schist, although 
in other parts of the world, that mineral is present in 
rocks of this facies. Kyanite found in phyllite north 
of Cumbe is thought to be of hydrothermal origin rather 
than representative of high-grade metamorphism. 
(See p. B-17.)

Carbonate-bearing rocks show little change under the 
metamorphic conditions found in the area (fig. 12). 
The association dolomite, quartz, and sericite is common 
and is stable in lower grade rocks (Turner and Ver- 
hoogen, 1951, p. 469). The mineral assemblage of 
dolomite, phlogopite, quartz, epidote, and chlorite in 
a calc-schist from the northeast corner of the Dom Bosco 
quadrangle (N. 12,080, E. 12,640) is a low-grade calc- 
schist assemblage (Williams, Turner, and Gilbert, 1954, 
p. 217). Tremolite also develops at low temperatures 
in carbonate rocks; so the association of dolomite, trem- 
olite, quartz and magnetite in dolomitic itabirite north 
of the Kibeirao da Colonia does not represent a much 
higher metamorphic grade.

The iron-formation of the Quadrilatero Ferrifero is 
generally assumed to have been deposited as a chemical 
sediment composed of hydrous iron oxides and silica. 
The conversion of this material to itabirite involves 
both diagenetic changes during lithification and changes 
produced during metamorphism. Some of the changes 
may be indistinguishable as to which process was re­

sponsible (James, 1955, p. 1437). James further states 
that increase in grain size is an obvious effect of meta­ 
morphic activity, and may be the only effect. The 
recrystallized chert and crystalline hematite or mag­ 
netite in the itabirite are, therefore, the best evidence 
that the itabirite is metamorphosed. The itabirite is 
assumed to be mostly in the green-schist facies, the 
metamorphic grade of the enclosing rocks. The 
diopside-epidote-actinolite iron-formation along the 
Corrego da Cachoeira (N. 3,780, E. 12,620) is repre­ 
sentative of higher grade conditions, possibly in the 
albite-epidote-amphibolite facies. This mineral assoc- 
ation is supporting evidence for a higher grade meta­ 
morphism in the southeastern part of the area.

Rocks of the amphibolite facies are found in the 
contact aureole of the Itabirito batholith. The associa­ 
tion quartz, andesine, cummingtonite (?), biotite, and 
garnet occurs in schist close to the contact with gneiss 
(fig. 13) and in schist xenoliths in the gneiss.

All gneiss in the batholith corresponds mineralogi- 
cally and texturally to the quartz-feldspathic schist 
described by Williams and others (1954, p. 236) as be­ 
longing to the amphibolite facies. This is the highest 
metamorphic grade found in the mapped area.

The mafic dikes commonly appear to be of higher 
metamorphic grade than the enclosing rocks. Through­ 
out the area they have a constant mineralogy of horn­ 
blende and plagioclase (An35_ 5o), with partial altera­ 
tion of the hornblende to chlorite and of the plagioclase 
to minerals of the epidote group.

STRUCTURE

All workers in the Quadrilatero Ferrifero have com­ 
mented on the intense deformation of the stratified
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FIGURE 13. Photomicrograph of schist from the contact aureole on the east side of the Itabirito batholith. Garnet 
porphyroblasts are found in a groundmass of quartz, andesine, cummingtonite(?), and biotite. Plane polarized 
light. X 25.

rocks. Tight folds, plastic flow of material from the 
flanks to the axial regions of folds, and thrust faults 
furnish evidence for strong compressive forces in the 
area described herein. The Dom Bosco and Ouro 
Branco quadrangles lie in a zone of east-trending struc­ 
tural features that extends from the Sao Juliao quad­ 
rangle east through Ouro Preto (fig. 1). Structural 
features in the layered rocks of the Cachoeira do Campo 
quadrangle trend parallel to the contact of the Itabirito 
batholith.

Interpretation of the structure is largely dependent 
on knowledge of the stratigraphy, and as the strati- 
graphic column is incomplete in much of the area, the 
following structural interpretation is in part based on 
inconclusive evidence. The basic assumption made in 
the following descriptions is that isolated masses of 
itabirite belong either to the Caue or Gandarela 
formations.

DEFINITION OF TERMS

Schistosity, foliation, and lineation are the only terms 
that may require an explanation as to usage in this 
report.

Schistosity refers to a planar structure in the met­ 
amorphosed rocks characterized by the preferred orien­ 
tation of micaceous minerals and by the concentration, 
by recrystallization, of micaceous and granular minerals 
into subparallel laminae. The rocks tend to break par­ 
allel to the micaceous bands. Schistosity as used in this 
report includes the term "flow cleavage" used by Guild 
(1957, p. 30) to describe similar structures.

Foliation is poorly developed Schistosity in the gneiss 
of the Itabirito batholith. The foliation is shown by

alinement of dark minerals. Dark minerals locally 
occur in bands; where this condition exists the rock is 
somewhat fissile. The same map symbol is used for 
both Schistosity and foliation.

Lineation refers to any linear element on the schisto- 
sity or bedding planes. The linear elements shown on 
the maps are either wrinkles on the Schistosity planes 
produced by the intersection of fracture cleavage with 
the planes, or small folds, whose amplitude can usually 
be measured in centimeters. The smallest of these folds 
may give the rock a pencil structure and many of the 
larger crop out as cigar-shaped bodies elongated along 
the plunge of the fold.

CACHOBIRA DO CAMPO QUADRANGLE

The Cachoeira do Campo quadrangle is underlain 
by rocks of the Itabirito batholith except for a small 
area underlain by schist of the Rio das Velhas series 
in the northeast corner of the quadrangle, and another 
small area underlain by schist of the Rio das Velhas 
series, and iron-formation and dolomite of the Minas 
series in the southeast corner. The stratified rocks 
strike parallel to and dip away from the contact with 
the gneiss of the batholith in the mapped area, but the 
iron formation and dolomite do not follow the contact 
with the gneiss on the eastern side of the batholith. In 
the latter area they strike east and extend into the Sao 
Bartolomeu quadrangle. The arcuate pattern of the 
rocks adjacent to the contact could be attributed to 
either intrusion of the granodiorite or to later doming 
of the rocks in the batholith area.

A striking feature of the outcrop pattern shown on
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plate 1 is the absence of the Minas series in the north­ 
east corner of the quadrangle. Rocks of the Minas 
series crop out 400 meters from the contact with the 
batholith in the southeast corner of the quadrangle 
but are not exposed within 2,400 meters of the contact 
in the northeast corner, even though the dips are steeper 
in the latter area. The implications of this geographic 
distribution could not be determined in the limited 
area mapped.

Gneiss outcrops within the area of the batholith are 
too widely separated to allow any study of the internal 
structures of the batholith. The foliation in the gneiss 
is nearly parallel to the contact near the margin of the 
batholith but within a short distance turns to a pre­ 
dominant northwest trend. The trend of the foliation 
turns to the west and even a little south of wrest in the 
area south of Amarantina but beyond this point turns 
back to the northwest. Another turn to the west seems 
to be indicated in the northwest corner of the 
quadrangle.

No structural reason is apparent for the presence of 
the low-metamorphic grade schist pendants along the 
Ribeirao Maracuja north of Amarantina. Mapping by 
O'Rourke (written communication) in the adjacent Rio 
das Pedras quadrangle to the north shows that the roof 
of the batholith extends south close to the north bound­ 
ary of the Cachoeira do Campo quadrangle. The small 
area of schist at the north edge of the quadrangle west 
of the river is probably part of the roof, and the other 
schist areas may be downwarped or faulted parts of 
the original cover of the batholith.

 *

NORTHERN HALF OF THE JDOM BOSCO QTIADRANGIE

Gneiss of the Itabirito batholith underlies the north­ 
ern part of the Dom Bosco quadrangle. The gneiss is 
bordered by a thin sequence of schist of the Rio das 
Velhas series overlain by the rocks of the Minas series. 
The rocks of the Caraca and Itabira groups of the 
Minas series are thin, but a thick section of rocks of the 
Piracicaba group is exposed. Most layered rocks strike 
eastward. From north to south the dominant struc­ 
tural features are the southern flank of the domed Ita­ 
birito batholith, a synclinorium in the rocks of the 
Piracicaba group, and a thrust block containing rocks 
of the Rio das Velhas and Minas series.

Foliation in the gneiss of the batholith is parallel to 
the contact with pre-Minas rocks, and the sedimentary 
rocks commonly dip south or southeast from the con­ 
tact. North dips were found in an overturned section 
of lower Minas rocks near the 'Cidreira dolomite quarry. 
The reversal of dip, together with the disappearance 
of the iron-formation and Caraga quartzite in the same 
area, suggests that the beds may have been cut out by

faulting, but exposures were too poor to permit deter­ 
mination of the structure.

Within the synclinorium, a ferruginous quartzite 
zone in the rocks of the Piracicaba group was continu­ 
ous enough to be useful as a marker bed. The outcrop 
pattern of the ferruginous quartzite is shown on plate 2 
and it can be seen that, although several gaps exist 
along the strike of the bed, the pattern suggests a com­ 
plex plunging syncline. A small subsidiary syncline 
is well exposed south of Lagoa (N. 9,700, E. 2,800), and 
the thickening of beds in the keel of this syncline is 
evident. The long gap in the ferruginous quartzite 
south of Cumbe is difficult to explain. Graphite schist 
overlain by graywacke considered to be at the top of 
the Piracicaba group occurs south of Cumbe. The fer­ 
ruginous quartzite may double .back to the south and 
may be cut out by the thrust plate that caps the ridge.

The plunge of the synclinorium is to the east in the 
western part of the quadrangle but reverses in the east­ 
ern part, as shown by the near closure of the ferrugi­ 
nous quartzite north of the Serra do Rodrigo Silva. 
A. L. M. Barbosa (oral communication) found similar 
canoe-shaped folds on the eastward extension of this 
synclinorium.

Minor folds within the syncline could not be mapped 
except for those outlined by the outcrop pattern of the 
ferruginous quartzite. Additional folds are undoubt­ 
edly present, as small superposed folds are widespread. 
An example of small-scale crumpling in dolomite is 
shown in figure 12.

Small faults are common within the synclinorium, 
and larger faults may well be present but can only be 
inferred owing to the absence of marker beds. The 
quartzite beds north of Cumbe, for example, are cut off 
by a fault, but the offset part could not be located. 
Elsewhere, beds are offset, but adjacent 'beds show no 
effects of faulting. Similar effects seen on a small scale 
in hand specimens, seem due to plastic flow of material 
combined with slippage along bedding or schistosity 
planes.

South of the synclinorium, itabirite overlain by dolo- 
mitic iron-formation crops out along the crest and 
south flank of the central ridge from Alemao east to 
near Dom Bosco. The iron-formation unconformably 
overlies red-weathering schists believed to be pre-Minas 
in age. These schists are thrust northward over rocks 
of the Piracicaba group. Evidence for the thrust, con­ 
sisting of abrupt changes in attitude or lithology, and 
a crushed zone of limonitized and manganese-bearing 
rock, could be seen east of Ribeirao Mango, but the 
fault could not be traced west of the river or east of 
the railroad at N. 8,440, E. 8,080. East of this latter 
point the fault was inferred to be at the base of the
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itabirite, but was not shown on the map east of Dom 
Bosco because the itabirite -disappears. West of the 
Dom Bosco quadrangle, the thrust may swing back to 
the south and be cut off by the fault that limits the 
pre-Minas rocks on the south; this leaves only a small 
wedge of pre-Minas rocks in the Sao Juliao quadrangle. 
The presence of pre-Minas rocks was not recognized at 
the time Guild did his field mapping in the Sao Juliao 
quadrangle, so he made no separation of the pre-Minas 
and Upper Minas rocks on his map.

Rocks of the Piracicaba group crop out south of the 
central ridge, except in the Fazenda Papacobra area. 
The structure in the Fazenda Papacobra area is com­ 
plex. Itabirite crops out in two parallel layers flanked 
on either side by dolomite or alteration products of 
dolomite; the area is the eastward extension of a large 
dolomite-bearing area mapped by Guild (195Y, pi. 2). 
Each of the itabirite layers has a dolomite breccia on 
its south side. If the dolomite breccia is assumed to 
be one horizon as evidence elsewhere in the Quadri- 
latero Ferrifero suggests, then the two itabirite layers 
must be repeated by faulting rather than by folding. 
The fault could not be located but may lie close to the 
southern band of itabirite, as the quartzite and ferrugi­ 
nous quartzite between the bands is repeated south of 
the southern band. A small north-striking block of 
itabirite about 600 meters northwest of Fazenda Papa- 
cobra, with dolomite breccia on the east and massive 
dolomite on the west, is probably a rotated fault block. 
The rocks of the Gandarela formation in this area are 
faulted against rocks of the Rio das Velhas series on 
the north and rocks of the Piracicaba group on the east.

SOUTHERN HALF OF THE DOM BOSCO QUADRANGLE

The structural features in the southern half of the 
Dom Bosco quadrangle are the most complex that were 
found during the field mapping. In addition to east- 
trending folds, the rocks are cut by many thrust, 
normal, and tear faults. The Minas series underlies 
most of this area and is bounded on the south by the 
great north-dipping mass of quartzite of the Serra do 
Ouro Branco. The rocks north of the quartzite are 
folded and faulted into a very complex pattern. Len­ 
ticular outcrops with the consequent lack of marker 
beds add to the difficulty of structural determinations. 
The quartzite in the Serra do Ouro Branco and the area 
of quartzite and quartz-sericite schist south of Dores 
da Belavista in the northeastern part of this area appear 
similar and are both mapped as the same formation. 
The two quartzites differ in their resistance to erosion, 
the Ouro Branco mass forming a bold highland in 
contrast to the subdued and lower topography of the 
northern quartzite, but granule-size quartz grains in a

sheared quartz-sericite matrix make up the bulk of the 
rock in each area. If this correlation is correct, then 
the rocks of the Minas between the two quartzites lie 
in a syncline as shown on section B-B' (pi. 2).

The itabirite southwest of Hargreaves in the north­ 
western part of the area is mapped as a thrust plate, 
thrust westward over phyllites of the Piracicaba 
group (pi. 2, section A-A'}. A large mass of graphitic 
schist of the Piracicaba group lies under the west end 
of the itabirite and above the thrust fault. It is 
believed to be a mass of the upper part of the group 
pushed ahead of the overriding sheet of iron-forma­ 
tion. The itabirite plunges to the east with its northern 
part overlain by a thick section of massive dolomite 
beds. The dolomite bends to the southeast at Har­ 
greaves and is cut off on the south by an east-trending 
fault.

South of the east-trending fault is the northwest- 
trending syncline between the two large quartzite bodies 
previously described. The syncline can be traced only 
as far east as the Morro do Bule where the dolomitic 
iron-formation and the dolomite lenses disappear. The 
southern flank of the syncline is faulted against the 
quartzite of the Serra do Ouro Branco at Alto da Pedra 
do Sabao; and the northern flank is overriden by a 
small plate of quartzite, which appears similar to that 
of the Serra do Ouro Branco and which is thrust over 
phyllite and quartzite of the Piracicaba group north of 
Morro do Bule.

Schist and phyllite with lenses of quartzite and thin 
bands of iron-formation are the only rocks between the 
two major quartzite bodies east of Morro do Bule. The 
phyllites with interbedded quartzite ami iron-forma­ 
tion are mapped as Piracicaba group. Farther east, 
green schist intruded by granodiorite crops out, and 
quartzite and iron-formation are absent; so the rocks 
were mapped as Rio das Velhas series (pi. 2). This 
stratigraphic interpretation results in a complex fault 
pattern in the area. The rocks of the Rio das Velhas 
series are assumed to be thrust westward over the rocks 
of the Piracicaba group. This necessitates a tear 
fault between the rocks of the Rio das Velhas series 
and the quartzite of the Serra do Ouro Branco. A 
normal fault passing through Fazenda Lavrinha cuts 
the thrust on its northeast flank and drops rocks of the 
Piracicaba group against the Rio das Velhas series.

The weakness of this interpretation is the scarcity 
of evidence of a fault contact between the schist of the 
Rio das Velhas series and the quartzite of the Serra. 
The movement may have been along the contact parallel 
to the bedding in the quartzite and may be related to 
the development of the imbricate structure in the 
quartzite described on page B-10.
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The scarp along the south side of the Serra do Ouro 
Branco was thought by Guild (1957, p. 36) to be on 
the eastward extension of a complex fault zone in the 
Sao Juliao quadrangle. No evidence of faulting was 
found along the base of the scarp at rock contacts ex­ 
posed near the west side of the Dom Bosco quadrangle 
and along the Ouro Branco-Ouro Preto road in the Ouro 
Branco quadrangle. The scarp could be a faultline 
scarp with the fault lying an unknown distance to the 
south but could also be an erosional scarp due to dif­ 
ferential weathering between the resistant quartzite and 
the softer green-schist and granodiorite complex. The 
fault zone described by Guild lines up very well with 
a fault zone on the north flank of the Serra now oc­ 
cupied by a thick mafic dike.

Younger rocks are found thrust over older rocks in 
the southern part of the Dom Bosco quadrangle. A 
possible explanation of this may be that east-plunging 
folds developed earlier than the thrusts. Thrusting 
essentially up the plunge of the fold could then result 
in the observed pattern.

OURO BRANCO QUADRANGLE

The Ouro Branco quadrangle is underlain by the 
green-schist and granodiorite complex, except for 
quartzite in the Serra do Ouro Branco, which is under­ 
lain by quartzite. The few attitudes obtained in the 
schist indicate north- to northwest-trending; structural~

features. Schistosity is parallel to bedding near the 
contact with the Ouro Branco quartzite, and the con­ 
tact seems nearly conformable.

Many bodies of mafic intrusive rock strike N". 60°- 
70° W., but the significance of this parallelism is not 
apparent. Some of the tabular intrusive masses are 
parallel to schistosity and may be sills, but the relation­ 
ship of most of them is unknown.

INTERPRETATION

The dominant compressive forces in the Dom Bosco 
quadrangle acted from the north or south and resulted 
in the formation of the east-trending folds. This com­ 
pression was accompanied, or closely followed, by forces 
acting from the southeast or east that formed the arcu­ 
ate north- to northeast-trending thrust faults. The 
complex outcrop pattern in this area may also be due 
in part to the squeezing of the less competent rocks of 
the Minas series between the large competent block of 
quartzite of the Serra do Ouro Branco on the south and 
the Itabirito batholith on the north.

PHYSIOGRAPHY

The physiography of the mapped area was not 
studied in detail, so no attempt is made to describe the

complete development of the topography. Only the 
salient features of the physiography are described.

Landforms in the three quadrangles are determined 
both by the resistance of the different rock types to ero­ 
sion and by structural features. The larger streams 
flow north or south across the main east-trending folds, 
but tributary streams have followed the less resistant 
sedimentary rocks, resulting in the development of 
east- or southeast-trending valleys and ridges. The 
higher ridges are commonly underlain by quartzite or 
iron-formation, but phyllite underlies the high area 
east of Dom Bosco in the central part of the Dom Bosco 
quadrangle. Low, rolling topography has developed 
in the area underlain by the Itabirito batholith.  

Remnants of old erosion surfaces can be found above 
the present stream levels in many parts of the area. 
Evidence for the existence of the old surfaces consists 
of concordant summits or rock-cut terraces.

A striking concordance of summit altitudes is found 
in the rolling area underlain by the Itabirito batholith. 
Altitudes slowly decrease northward from about 1,150 
meters near the southern edge of the batholith to 1,000 
meters at the north edge of the quadrangle. The Ribei- 
rao Maracuja and its tributaries in the central part of 
the quadrangle have cut valleys about 100 meters deep 
into the old surface. To the west, the Ribeirao Mango 
with its greater flow of water has cut a valley 200 
meters deep and may capture the upper drainage of 
the Corrego da Prata, a large tributary of the Mara­ 
cuja, at Santo Antonio do Leite. A slight rise in the 
old surface is found at the contact with schist in the 
northeastern part of the Cachoeira do Campo quad­ 
rangle. The rise seems to continue to the northeast 
beyond the mapped area except where cut by the valley 
of the Rio das Velhas.

The ridge held up by the quartzite of the Caraga 
group and the iron-formation in the northern part of 
the Dom Bosco quadrangle probably extended above 
the general level of the old surface, traces of which 
can be seen culminating in a high area north of Dom 
Bosco and east of the Morro do Caxambu.

On the sides of the valley that drains westward from 
the Morro do Caxambu, more than one terrace level 
can be seen. One is between 1,150 and 1,200 meters 
altitude, and another is at about 1,100 meters.

Old surfaces have been largely destroyed in the south­ 
ern half of the Dom Bosco quadrangle. Some con­ 
cordant ridges at about 1,250 meters altitude are found 
in the quartzite area south of Dores da Belavista, but 
elsewhere erosion has destroyed any surfaces that may 
have been present. The caiiga on the ridge crest west 
of Dom Bosco may have developed on an old surface.
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ORE DEPOSITS

The ore deposits of the mapped area, with the excep­ 
tion of the manganese deposit at Sao Juliao, have only 
been mined on a small scale. No large high-grade 
hematite bodies such as those found in the Congonhas 
area to the west (Guild, 1957, p. 50) are known, and the 
iron-formation is relatively thin. Dolomite is being 
mined at several localities, and this, together with lim­ 
ited prospecting for iron, gold, and clay, were the only 
mining activities in 1955. Manganese, iron, dolomite, 
placer gold, clay, quartz crystal, and topaz have been 
produced in commercial quantities, and talc, cinnabar, 
sphalerite, chalcocite, and various sulfosalts of lead are 
known to occur, although not in commercial quantities.

IRON

Guild (1957, p. 44) has classified the iron ores of the 
Congonhas district into three major types: itabirite 
ores, hematite ores, and surficial ores. Itabirite ores 
can be further classified into hard and soft itabirite; 
the hematite ores, into hard and soft ore; and the sur­ 
ficial ores, into chapinha,7 rubble ores (composed of 
cobbles and blocks of hard hematite), and canga. Itab­ 
irite ores and surficial ores are found in the area 
described in this report.

The Dom Bosco quadrangle contains all the iron- 
formation in the area described in this report with the 
exception of one band in the southeast corner of the 
Cachoeira do Campo quadrangle. Limited prospecting 
has been done in the past on most of the outcrop areas, 
and some ore has been shipped. Some of the itabirite, 
especially that close to the railroad, will probably be 
mined in the future when beneficiation of itabirite is 
undertaken.

The part of the northernmost band of itabirite of 
greatest economic interest lies east of Corrego Holanda 
(N. 12,740, E. 7,500). From the Corrego to the eastern 
end of the mapped area, a distance of about 6 kilo­ 
meters, the itabirite is continuous and ranges from 20 
to 70 meters in thickness. Several prospect pits and a 
short, adit were dug along this band, and a few tons of 
itabirite was mined from a small open pit located where 
the itabirite is crossed by the Cachoeira do Campo-Dom 
Bosco road, 1.5 kilometers east of Corrego Holanda.

A channel sample taken across 5 meters of soft itab­ 
irite in the adit at N. 12,850, E. 8,300 (800 meters 
east of Corrego Holanda) was analyzed, and the results 
are shown in table 4 (sample 208). The itabirite is 
high in silica, but the iron minerals were found to be 
easily separable from the quartz by magnetic means.

7 Chapinha (little plate) is the name given to surficial material con­ 
sisting of platy fragments of the iron-rich bands of itabirite and quartz 
sand. A good grade of blast-furnace ore can be obtained by screening 
the material.

SiOj.. ...... ...........
Fe»O... ...... ..........
FeO... ___ ____ ..
Fe._ ................. ..
Al,0s.           
CaO... ................
MgO. ................ .
MnO.. ................
P._      _.   

Total.. ..........

208

42.1
55.3
2.1
39.9
Tr.

.30

.03

.10

99.93

319

24.2
73.5
Tr.
51.8
Tr.

.50

.03
1.90

100.13

385

28.6
67.1
Tr.
47.3
Tr.

2.70
.03
1.50

99.93

554

47.1
49.3
1.3

35.3
Tr.

1.30
.01
.75

99.7

687-1

51.1
32 2

22.6
.6

9.3
5.4

1.5

100.1

687-2

53.1
45.2

31.6
Tr.

.3
Tr.

1.0

99.6

764

48.1
28.3

19.8
.2

7.3
4.7
.60

11.0

100.2

A chip sample taken across the entire band in a roadcut 
was separated with a small horseshoe magnet after be­ 
ing crushed. A magnetic fraction, 65 percent by weight, 
of the sample was obtained; 20 percent of the magnetic 
fraction was composed of quartz grains mechanically 
bound by the magnetic grains. The quartz fraction of 
the sample contained a few percent magnetic material 
after one separation but contained very little hematite.

TABLE 4. Chemical analyses of itabirite and dol&mitic ita­ 
birite from the Cau£ itabirite and G-andarela formation, Dom 
Bosco quadrangle

[Cassio M. Pinto, analyst, Departamento Naclonal da ProducSo Mineral, Belo 
Horizonte, September 1956]

208. Cau6 itabirite, soft itabirite from N. 12,850, E. 8,300.
319. CauS itabirite, soft itabirite from N. 8,300, E. 7,520.
385. Cau6 itabirite, soft itabirite from N. 6,830, E. 8,300.
554. Caufi itabirite, soft itabirite from N. 4,950, E. 3,160. 

687-1. Hard diopside actinolite itabirite from N. 3,760, E. 12,600, 
687-2. Weathered rock from the same locality as 687-1.

764. Hard dolomitic itabirite from N. 4,720, E. 5,920.

The magnetic material was thought to be magnetite, 
but as the chemical analysis showed only 2.1 percent 
FeO, additional material was collected for mineralogi- 
cal study to see if the iron mineral could be maghemite. 
An X-ray examination by F. A. Hildebrand of the Geo­ 
logical Survey showed the minerals of the magnetic 
fraction to be magnetite, hematite, and traces of quartz 
and an unidentified iron-bearing mineral. No mag­ 
hemite or jacobsite could be detected.

If concentration of this itabirite were economically 
feasible, there is 350,000 tons of itabirite per meter of 
depth in a block extending 1 kilometer east and 1 kilo­ 
meter west of the Cachoeira do Campo-Dom Bosco 
road.

Little is known of the hardness of this itabirite, as 
no underground information is available. The ita­ 
birite adjacent to the road is hard in the Corrego Dom 
Bosco; the stream drops in a double waterfall over ribs 
formed by the itabirite and the underlying quartzite. 
The material in the road cut is moderately soft but with 
considerable chapinha. The adit from which sample 
208 was taken was driven into soft itabirite but only 
attains a depth of about 10 meters.

A second belt of itabirite 4.5 kilometers south of the 
northern belt extends from 1 kilometer south of Dom 
Bosco westward for 5.5 kilometers nearly to Alemao 
(pi. 2). It ranges from 20 to 100 meters in thickness. 
This belt is of economic interest, owing to its location
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near the railroad branch line leading' to Quro Preto. 
Remnants of mine workings are found just south of 
the railroad about 2 kilometers west southwest of Dom 
Bosco. Much surface work was done, but deep gullies 
that cut the workings make quantitative estimates of 
past production impossible.

The analysis of a sample of itabirite taken from a 
railroad cut adjacent to the mine workings is shown in 
table 4 (sample 319). The recrystallized chert in the 
surficial material sampled had disaggregated into loose 
quartz sand. Some of this sand was lost during sam­ 
pling, so the iron content is considered to be from 5 to 
10 percent lower than shown by the analysis. The 
itabirite is of good grade and will undoubtedly be 
mined when ore concentration becomes practicable in 
the area. No adits were found along this belt; there­ 
fore nothing is known of its characteristics at depth.

A lenticular mass of itabirite crops out about 1 kilo­ 
meter south of the belt described in the previous para­ 
graph. The eastern end of the lens lies 2 kilometers 
south of Dom Bosco and extends 2.2 kilometers west­ 
ward. The outcrop width of the lens ranges from 300 
to 350 meters over 1.6 kilometers of its length; it tapers 
at each end and disappears. This lens is favorably 
located with respect to transportation; its west end lies 
1 kilometer south of the railroad that leads to Ouro 
Preto and is 5 kilometers by road from the railroad 
station at Dom Bosco.

This lens has been prospected by many adits, most 
of which are now caved. Prospecting was being 
carried on in 1956 by Sr. Serifim Gomes, of Dom Bosco, 
who was sinking pits through a canga capping near the 
west end of the lens in a search for hard hematite ore. 
Little hard ore was found; but the canga from the pits 
was hand sorted, and a few tons of the richer material 
was shipped.

A channel sample of soft itabirite from the lens was 
taken from an adit at N. 6,830, E. 8,300, Dom Bosco 
quadrangle. The results of analysis of this sample are 
given in table 4 (sample 385). The itabirite is of good 
grade and will probably be of economic interest in the 
future.

Soft itabirite predominates in this lens, at least in 
near-surface material. A gully at N. 6,840, E. 8,300 
cuts 60 meters into soft itabirite without exposing hard 
itabirite.

The largest mass of itabirite in the mapped area 
underlies the higher ground west and southwest of 
Hargreaves, a railroad station in the west-central part 
of the Dom Bosco quadrangle. It also forms a ridge 
extending about 2 kilometers west from a point 800 
meters southwest of Fazenda Rodeio, a farm that lies 
1.2 kilometers south of Hargreaves.

Little prospecting' has been done in this area. A few 
tons of siliceous material was mined from itabirite that 
is crossed by the road southwest of Fazenda Rodeio; 
the material was shipped to the Esperanga furnace near 
Itabirito. An adit about 25 meters long" extends into 
the ridge adjacent to the opencut; sample 554, table 4, 
was obtained from near the face of this working-. The 
sample proved to be relatively low in iron and high in 
silica.

Most itabirite in this area seems hard because it crops 
out as cliffs or along the ridge crests (fig, 5), but 
whether the hardness is due to surficial "case harden­ 
ing" or is characteristic of the itabirite could not be 
determined. The itabirite in the adit mentioned above 
is soft except for the first few meters near the portal. 
The itabirite of this body crops out over an area of 
about 1.5 square kilometers, and the material is favor­ 
ably located near the railroad; therefore, it will be of 
interest when the ores can be economically concen­ 
trated.

Relatively inacessible masses of itabirite and dolo- 
mitic itabirite are shown on plate 2 in the several kilo­ 
meters east and southeast of Fazenda Rodeio. Most 
of them have been prospected and considerable work 
has been done on the body 1 kilometer east of Fazenda 
Rodeio, where fragments of micaceous specularite up 
to several kilograms in weight occur in the soil. This 
itabirite is soft at the surface. The other bodies are 
hard siliceous or dolomitic itabirite; they crop out as 
conspicuous ridges or form waterfalls in the streams 
that cross them. Itabirite 2.4 kilometers east-southeast 
of Fazenda Rodeio is dolomitic (table 4, sample 764).

Table 5 shows the inferred reserves of itabirite per 
meter depth in the outcrop areas of the iron-formation 
in the Dom Bosco quadrangle. The tonnages per meter 
depth were compiled by estimating the areas of outcrop, 
in meters, and multiplying this by 3.5, the estimated 
specific gravity of itabirite. The grade of the itabirite 
indicated in table 5 is based on one sample from each 
outcrop area; areas for which grade is not shown were 
not sampled. The foregoing text indicates the amount 
of information available on each area with respect to 
number and size of exposures and the extent of knowl­ 
edge on the relative hardness or softness of the itabirite 
resources of the mapped area.

Rubble ore was recovered from a small area 1 kilo­ 
meter northwest of Hargreaves. Cobbles of hard hema­ 
tite occur in the soil adjacent to and downslope from 
the itabirite belt. The production is not known; small 
piles of cobbles at the end of an abandoned road in­ 
dicate that some ore was recovered.

Itabirite along the Corrego da Cachoeira, near the 
east margin of the quadrangle, contains diopside and
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TABLE 5,   Reserves o/ UaMrite in the Dom Bosco quadrangle, 
given as ton-s per meter depth

Oaterop area

N«ffthera belt .  ...
TJett extending from 1   

km sooth oi Dujm 
Bosco station west to 
AJemao. 

West <af Alemao, north 
belt. 

West of AlemsB, south 
belt. 

Belt extending east from 
Morro Mandachuva. 

Mass west and south­ 
west of Hargreaves. 

Belt along Ribeirao da 
Colonia, west edge of 
quadrangle. 

Belt extending east from 
1 km south of Har- 
greaves. 

Belts north and south of 
Morro do Vieira. 

Alto da Pedra do SabSo.

Total.... ..........

Type of itabirite

Hard and soft. . _

Soft Hearmufeee. 

Hard anal .soft. _ 

Soft near surface-

Soft... ______..._

Hard, dolomitic. 

Hard, dolomitic.

"Dimensions of 
outcrop

Length 
(kilo­ 

meters)

7.4 
5.8

2.2 

3.6 

2.2

3 
SQ 

2.5

2.5

4.2 

1.6

Average 
width 

(meters)

60 
100

100 

40 

250

5 
km 

50

100

80 

250

lofered 
resenre j 
(thou­ 

sands of 
terns)

1,500 
2, (MO ,

SOB 

500 

2,000 

11,500 

400

900

1,200 

1,400

22,200

Grade 
<per- 

eent) »

40 
SO

45 
.25

20

1 Grade is based on analyses made of samples collected during this investigation. 
Areas for which no grade is shown were not sampled.

actinolite (table 4, samples 687-1 and 687-2). The 
samples were analyzed to determine what chemical 
changes took place during weathering. The results 
show a 9 percent increase in iron with a loss of nearly 
all the calcium and magnesium. The latter elements 
were contained in the diopside and actinolite that were 
completely broken down during weathering.

MANGANESE

The manganese deposits of the Dom Bosco quadrangle 
are of two types; (a) supergene concentration of man­ 
ganese from manganese-bearing beds interbedded with 
itabirite and dolomite, or from manganiferous carbon­ 
ate; and (b) small surficial deposits formed by super- 
gene concentration of manganese derived from clastic 
rocks.

The Burnier mine at Sao Juliao is the best known 
deposit of the first type. Small deposits along the strike 
of the iron-formation or in areas underlain by dolomite 
are probably also of this type. Most of the other man­ 
ganese occurrences are of the second type; they are 
found throughout the quadrangle in areas underlain 
by rocks of the Gandarela formation and the Piracicaba 
group. They are absent in areas underlain by gneiss 
or by quartzite.

More than 50 small manganese prospects were seen 
in the Dom Bosco quadrangle. Most consist of a shal­ 
low pit or trench with a small pile of ore near the work­ 
ing. The pile of ore at each prospect probably repre­ 
sents the total amount of material mined, and ranges 
from a few kilograms to possibly 300 kilograms. None 
of the material was analyzed as it seemed of little

economic importance, but similar material in other parts 
of the Quadrilatero Ferrifero ranges from 30 to 60 
percent manganese. Nothing could be seen at most 
prospects to explain tlie concentration of manganese 
oxides or to indicate future possibilities for production. 
Some prospects are along faults or joints.

The mineralogy of the manganese ores was not 
studied but is probably similar to that in adjacent 
areas, Ciyptomelane, pyrolusite, manganite, polianite, 
psilomekne, and wad are reported from ores of these 
types (Dorr and others, 1957). All ore has been de­ 
rived from weathered material; so the mineralogy of 
the protore is wot known; Guimaraes (1935) believes 
that the Burnier deposit consists largely of syngenetic 
manganese oxides, whereas Scott (1900) thought that 
the ore was derived from leaching of manganiferous 
dolomite.

The Burnier deposit at Sao Juliao consists of an 
east-trending manganese-bearing zone about 8 kilo­ 
meters in length, the eastern 1.5 kilometers of which 
extend into the Dom Bosco quadrangle. The east end 
of the deposit is near Fazenda Papacobra; extensive 
workings cover the hill west southwest of the Fazenda 
(N. 7,460, E. 920). The mine is not operating and the 
workings are largely inaccessible.

The most complete description of the deposit is that 
by Scott (1900), who studied the mine during its 
greatest activity. Production at that time was more 
than 63,000 tons of ore per year, with a manganese con­ 
tent of about 55 percent. Later production figures are 
not available, but Guild (1957, p. 81) states that sub­ 
stantial production was maintained until the 1920's, and 
operations continued until about 1940. Total produc­ 
tion is estimated to have been about 1 million tons of 
ore. Guild (1957, p. 82) has summarized the geology 
of the mine area.

Scott (1900) describes the ore as a bedded deposit 
about 3 meters thick, in itabirite but on the contact with 
dolomite. The bed seems to thin eastward and prob­ 
ably lenses out south of Fazenda Papacobra. The bed 
was not found in the parallel band of itabirite to the 
north. The northern itabirite was thought by Scott 
to be the north limb of an anticline, but the presence 
of a similar appearing dolomite breccia on the south 
side of each itabirite belt suggests that the repetition 
is due to faulting. (See p. B-29.)

Manganese reserves are said to be large at the Sao 
Juliao deposit (A. Guatamosim, oral communication), 
but a decrease in grade and a high water content of the 
material make it uneconomical to mine at this writing. 
The hard high-grade ore has been largely mined out.

The other manganese prospects associated with ita­ 
birite and dolomite of the Itabira group occur in vari-
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ous parts of the quadrangle. Manganese prospects are 
above and close to the iron-formation in the northern 
part of the Dom Bosco quadrangle (K 12,760, E. 5,320; 
N. 12,650, E. 5,820). Lump manganese ore was recov­ 
ered from shallow workings at each locality, and a few 
hundred kilograms of ore were stockpiled. It was not 
possible to determine whether the manganese was de­ 
rived from the itabirite of the Caue formation or from 
the overlying Gandarela formation.

Another group of prospects is along the southern 
edge of the itabirite lens east of Morro Mandachuva, 
and a considerable tonnage of ore was apparently mined 
from the east end of the lens. No figures are available, 
but large opencuts and adits on several levels are evi­ 
dence of former activity. Dark-gray to black dolomite 
that crops out at N. 6,680, E. 8,460 contains 3.1 percent 
manganese oxide (table 2, sample 329) and may well 
be the protore of the deposits. Concretions of manga­ 
nese oxides as well as lumps 6 to 10 centimeters in 
diameter are abundant in this area.

At least some of the manganese deposits near Fazenda 
Kodeio are derived from weathering of dolomite. 
Manganese oxides fill open spaces in schist and phyllite 
beneath terrace gravels near the quartzite contact south 
of Ribeirao da Colonia (N. 3,940, E. 3,180). Alteration 
products derived from dolomite are abundant in the 
area. Farther east, at N. 3,960, E. 4,480, manganese 
oxide nodules and rock with abundant manganese stain 
cover a small hill underlain by dolomite. Analysis of 
one of the dolomite beds, however, showed only 0.06 per­ 
cent manganese oxide (table 2, sample 568).

Dolomite from the north margin of the large dolomite 
lens near Hargreaves is also manganese-bearing; an 
analysis (sample 631, table 2) showed 10.9 percent man­ 
ganese oxide. Guild (1957, p. 60) reports a 30-centi­ 
meter vein of pyrolusite in dolomite north of Fazenda 
Rodeio.

Manganese deposits in rocks of the Piracicaba group 
are derived from dolomite as well as from clastic rocks. 
Some occurrences closely follow dolomite beds, as in 
the vicinity of N. 10,900, E. 3,940, but many others are 
far from any known dolomite. There are several pros­ 
pects along the thrust fault in the central part of the 
Dom Bosco quadrangle, and others are along faults or 
joints. The deposits in clastic rocks are more numerous 
in the mapped area than deposits derived from dolo­ 
mite, but are small and of no present economic sig­ 
nificance. Individual deposits do not warrant detailed 
description.

DOLOMITE

The Dom Bosco quadrangle contains all the exposures 
of dolomite in the mapped area with the exception of

two lenses that extend from the Dom Boseo quadrangle 
into the southeast comer of the Cachoeira do Campo 
quadrangle. The more readily accessible dolomite ex­ 
posures have been opened by quarries. Few of the 
quarries are active at present, but their size shows that 
most have produced several thousand tons of dolomite 
each. Both dimension stone and lump dolomite for 
metallurgical use have been quarried.

The largest operation at present is in the north-central 
part of the Dom Bosco quadrangle at the quarries at 
Cumbe, which are owned and operated by the Cia. 
Marmora Aurora. In addition to the Cumbe quarries, 
the company owns the Cidreira quarry near Catete, 
3.4 kilometers northwest of Cumbe, the quarry at 
Moreira in the southeast corner of the Cachoeira do 
Campo quadrangle, and the quarries at Pasto da Rosa, 
3.2 kilometers east of Dom Bosco station.

Dimension stone is the principal product from the 
Cumbe quarries, and lump material is produced as a 
byproduct. The dolomite is quarried in blocks up to 
1 meter in cross section and about 1.5 meters long. 
These blocks are either shipped without further proc­ 
essing or sawed into slabs and then shipped. About 
30 gangsaws were in use; each saw consists of a -series 
of parallel steel bands about 3 centimeters apart. 
Quartz sand is the cutting agent and the time needed to 
slab a block is about 30 days.

Lump dolomite is recovered from the quarries in the 
large dolomite mass south of Hargreaves. Sr. Serafim 
Gomes, of Dom Bosco. the only mine operator extract­ 
ing dolomite in this area in 1956, obtained red dolomite 
from quarries in a dolomite mass north of Morro do 
Bule and from the dolomite mass southeast of Har­ 
greaves. Sr. Gomes also mined white dolomite from 
other areas near Hargreaves. These operations are 
on a small intermittent scale with a daily production 
of 4 to 5 tons.

Another producing area is along the dolomite band 
near Ribeirao da Colonia, 3.2 kilometers southwest of 
Hargreaves. The largest quarries are west of the Dom 
Bosco quadrangle, but some work has been done along 
the entire band. Lump dolomite is quarried and 
trucked to Sao Juliao for rail shipment to the steel 
plant at Volta Redonda.

Almost unlimited dolomite resources are available in 
the Dom Bosco quadrangle, although much of the dolo­ 
mite is blanketed by weathering products. No attempt 
was made to calculate reserve figures, but the size and 
number of dolomite outcrops shown on plate. 2 indicate 
that supplies are adequate for many years. The analyses 
given in table 2 show that the composition of the dolo­ 
mites ranges from nearly pure dolomite to dolomitic 
limestone and that, some varieties are high in silica.
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TOPAZ

Yellow and orange topaz of the variety known as 
imperial topaz is found at a few localities in the Dom 
Bosco quadrangle. The topaz is most abundant along 
a narrow band extending east from Morro do Caxambii, 
in the north-central part of the quadrangle and closely 
following the belt of ferruginous quartzite shown on 
plate 2. Boa Nova (1929) describes a topaz-bearing 
area near Morro do Gabriel, 2.4 kilometers east south­ 
east of Hargreaves, but little can currently be seen 
at this locality. Systematic mining for topaz is not 
carried on at present in the Dom Bosco quadrangle. 
Tiny crystals of no commerical value are common in 
residual soil adjacent to the ferruginous quartzite.

Gorceix (1881) and Derby (1901) studied the topaz 
deposits at a time when some mining was in progress. 
Topaz and euclase, a rare beryllium-aluminium silicate 
mineral, occur in siliceous nodules in clay. Only 
singly terminated crystals were found; this indicates 
that the crystals grew into dmsy cavities. Derby de­ 
scribed the topaz-bearing schist as containing abundant 
clay and believed the rock to be intrusive in origin, 
possibly syenite or nepheline syenite. Gorceix men­ 
tions an association between quartz and topaz that could 
indicate a pegmatitic origin for the topaz. Boa Nova 
(1929) thought the .clay and the topaz near Morro do 
Gabriel were derived from pegmatites. Large quartz 
crystals up to 20 centimeters in cross section occur along 
the topaz-bearing zone, and quartz veins are abundant 
in the ferruginous quartzite and adj acent phyllite. The 
location of the topaz-bearing material in a narrow 
stratigraphic horizon is difficult to explain if the topaz 
occurs in pegmatites, but the pegmatites could have been 
localized in one bed, owing to a difference in competence 
of the rocks during folding and shearing.

The principal production of imperial topaz is from 
the adjacent Ouro Preto quadrangle, but a few crystals 
of gem quality are also found near Dom Bosco every 
year by searching the gullies after heavy rains. One 
man was seen washing and hand screening the weath­ 
ered schist in a search for topaz.

CLAY

Clay has been mined from two pits in the Dom Bosco 
quadrangle. The largest pit is north of the railroad 
at N". 8,090, E. 6,260. This pit is 40 meters long and 
reaches a depth of from 5 to 6 meters. The clay is 
white but contains many iron-stained bands and is free 
from quartz grains. Itabirite underlies this deposit; 
so the clay must have been transported to its present 
position rather than being residual. The clay mineral 
was not identified but was assumed to belong to the 
kaolin group as kaolin is a common end product in

lateritic weathering, which is so common in this region.
The second pit is at N. 5,220, E. 6,210 south of Morro 

do Gabriel. Here the clay is at least in part residual. 
White clay is common and seems to have formed by 
the leaching out of red clay. Laterite containing small 
spots of white clay caps the hill above the deposit.

Information was not obtained on the use of the clay 
from these pits, but it was probably used for tile and 
ceramics manufacturing in one of the plants in the 
larger towns along the railroad.

Impure clay with abundant detrital quartz grains 
is commonly present along many of the streams in the 
area, particularly those draining the area underlain by 
gneiss in the Cachoeira do Campo quadrangle. A bed 
of iron-stained clay from 40 to 60 centimeters in thick­ 
ness and 40 meters in exposed length crops out in a road 
cut near the Corrego Cambraia in the northern part of 
the Cachoeira do Campo quadrangle, N. 10,700, 
E. 1,520. The clay was underlain by stream gravels.

PLACEE GOLD

The remains of old workings for placer gold can be 
seen along the streams that flank the Serra do Ouro 
Branco in the Dom Bosco and Ouro Branco quad­ 
rangles and along the Riberao Tabuoes in the Cachoeira 
do Campo quadrangle. The most extensive workings 
are south of the Serra do Ouro Branco. In several 
areas as large as 200 by 400 meters in extent, piles of 
quartzite cobbles and boulders are common where the 
soil has been stripped away, and the remains of old 
sluiceways can be found. The gold in these placers 
was probably in part concentrated from the conglom­ 
erates and quartzites of the Serra, and in part derived 
from the granodiorite intrusions.

The placers along the Ribeirao Tabuoes are on old 
river terraces 10 to 20 meters above the river and are 
marked by boulder piles. The source of the gold is 
unknown. Some may have come from the quartzites 
of the Carac.a group because the river cuts through the 
lower part of the Minas series, but the quartzites are 
thin in this area. Another possible source could have 
been gold-bearing veins in the vicinity of Ouro Preto, 
for the river drains a large area west of that town.

QUARTZ CRYSTAL

The only known area prospected for quartz crystal 
is 400 meters northeast of Hargreaves. A series of 
trenches cut one or more northeast-trending quartz 
veins that are characterized by abundant badly flawed 
crystals and fragments of clear quartz. The dumps of 
the trenches contain fragments of large crystals of 
milky quartz.

Quartz veins are common throughout the mapped 
area, and small crystals are abundant, but material
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suitable for piezoelectric use was not found and is not 
reported.

CINNABAR

Cinnabar occurs at two localities near Dom Bosco, 
and specimens from the area can be seen in mineral 
collections at Ouro Preto and Rio de Janeiro. The 
deposits were described and sampled by Guimaraes 
and Coelho (1946a). No cinnabar was seen in a super­ 
ficial examination of the localities during the present 
field work. Most of the following- information is sum­ 
marized from the cited report.

Both cinnabar occurrences are in areas underlain by 
iron-formation belonging to the Itabira group. One 
locality is described as being near the railroad west 
of Dom Bosco at kilometer 512 + 800 meters, and the 
other is 400 meters southeast of Dom Bosco.

A few hundred kilograms of cinnabar is said to have 
been recovered from the locality near the railroad. The 
entire deposit must have been removed, as only traces 
of mercury were found in analyses of the samples 
collected by Guimaraes and Coelho. A few kilograms 
of cinnabar was found during the course of prospecting 
in the area southeast of Dom Bosco, but the sampling 
by Guimaraes and Coelho showed very little mercury 
in the area. The highest grade sample assayed 40 
pounds of mercury per ton, but only one other sample 
contained as much as 2 pounds per ton, and most showed 
only traces. As the authors state in their conclusion, 
the occurrence is a specimen locality rather than a 
commercial deposit.

BASE METALS

The following information on the sulfide mineral 
occurrence at Morro do Bule is taken from the reports 
of Guimaraes (1984) and Boa Nova (1929). The work­ 
ings were filled with water, and nothing could be seen 
at the time of the present investigation except thin 
seams of sphalerite in joint cracks in the adjacent 
dolomite of the Gandarela formation.

The deposit is near the northern edge of a dolomite 
lens about 680 meters northwest of the summit of Morro 
do Bule and about 4 kilometers southeast of Hargreaves.

The sulfide minerals were in a lenticular vein in 
dolomite that was as much as 70 centimeters in thick­ 
ness. An earthy, antimony-bearing capping was over­ 
lying the deposit. An inclined shaft sunk to a depth 
of 7 meters showed the vein to pinch out at that depth. 
A crosscut adit about 30 meters long was driven into 
the dolomite and crossed the vein projection near the 
shaft; the vein was not found in the crosscut. Sub­ 
sequent prospecting along the southeast projection of 
the vein disclosed a thin stringer containing sphalerite 
but no ore (Guimaraes and Coelho, 1946b).

The vein was composed of massive sulfide minerals 
and quartz. Stibnite was altered to bindheimite, 
valentinite, and stibiconite, but the sphalerite was un­ 
altered. The bindheimite is thought to have formed 
before the deposition of sphalerite (Guimaraes, 1934).

An altered zone as much as 20 centimeters wide was 
found between the vein material and fresh dolomite. 
Within the zone, the dolomite was recrystallized, and 
calcite and aragonite deposited. Some carbonate min­ 
erals were colored yellow by bindheimite inclusions, and 
limonite was abundant in the zone. Druses containing 
aragonite crystals as much as 10 centimeters in length 
were adjacent to the massive sulfide minerals.

Guimaraes (1934) identified the following minerals 
in the vein and the altered zone and listed them from 
oldest to youngest: stibnite, tetrahedrite, quartz, dolo­ 
mite, pyrite, aragonite, bindheimite, valentinite, 
stibiconite, jamesonite, sphalerite, and pyrite.

A few tons of ore taken from the shaft as well as 4 
tons of the earthy material that capped the deposit are 
said to have been shipped. The deposit holds little 
promise for further production.
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